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Chapter 1:
Introduction

1.1: What is DeckBuild

DECKBUILD is an interactive, graphic runtime environment for developing process and device
simulation input decks. It consists of a window for input deck creation and editing, a window for
simulator output and control, and a set of popups for each simulator that provide full language and
run-time support.

1.1.1: Purpose

DECKBUILD is an extremely powerful and flexible tool that is easy to use and provides many automated
features that previously required user operation. Among these features is DECKBUILD’s ability to
generate error-free simulator syntax driven from user-friendly popup windows. This feature allows for
transparent transition from one simulator to another, automatic definition of mesh and mask
information, and application of built-in measurement (extraction) facilities. Before DECKBUILD, these
tasks often required user intervention and were extremely time consuming. By automating these
tasks, DECKBUILD allows you to concentrate on the real work at hand: accurate simulation.

1.1.2: Features

DECKBUILD also offers several powerful facilities never before available. One of these facilities, the
global optimizer, allows optimization across an entire input deck even between different simulators.
For example, varying an implant dose in SSUPREM3 and a diffusion time in ATHENA permits
optimizing against a Vt curve simulated with ATLAS. DECKBUILD also provides a seamless integration
with DEVEDIT and its adaptive meshing capabilities. In addition, the UTMOST interface allows
SILVACO’s parameter extraction package UTMOST III to load data from one of more device simulation
runs and perform SPICE model parameter extraction. DECKBUILD offers real flexibility with the ability
to use UNIX system commands within simulation decks and the added feature of executing
simulations on remote hosts while DECKBUILD is running locally.

One new feature is the communication interfaces to EXACT. EXACT uses the new input/output pipe
command-line options to send a simulation deck for execution. EXACT then receive extracted results
from DECKBUILD.

Note: Pipe in this context means a conduit that transfers data between two program.

DECKBUILD also contains many other convenience features:

e A built-in tool palette allows interactive plotting of the current structure.
¢ Instant substitution of a different cut-line set from the layout editor.

¢ Full interactive control of the simulator, including a history function that allows you to back up in
the deck and try again.

¢ Interactive cut-and-paste to either the simulator or the text editor.
¢ A display in the input deck of the currently executing line and other features.

SILVACO, Inc. 1-1
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Simulators

Many simulators are available in the DECKBUILD Library and most are supported by a complete set of
interactive popup windows. By selecting or moving various items on each popup, you can easily
generate correct syntax. On-line context-sensitive help is also available. A deck is built by going
through each desired popup and clicking on a WRITE button. This causes syntax to appear in the text
editor. The deck can be saved and retrieved for later use. The popups have the additional feature of
input-deck parsing. To do this, highlight a section of the input deck and choosing Parse Deck. All
appropriate popups will then re-configure themselves to reflect the syntax. For example, if you
highlight an ATHENA | MPLANT statement and press the Parse Deck, the ATHENA Implant popup will
appear. This popup would reflect the values in the highlighted syntax.

For manual deck editing, DECKBUILD has a built-in text editor. The text editor allows easy point-and-
click editing, cut and paste to and from any other window, find/replace, multiple scroll views, and other
features.

Autointerface

DECKBUILD allows and encourages concatenating of decks from different simulators. For example, a
simulation can start with SSUPREMS for fast 1-D process simulation, move into ATHENA for 2-D
process simulation, and be followed by any number of separate ATLAS device tests. Figure 1-1 shows a
schematic of this flow. The entire result is saved as a single input deck.

Notice how process simulation is treated as a serial flow of events, while device simulations are treated
as parallel. This is because of the way in which auto interfacing works. At the conclusion of each
process run, the simulation results are saved and are used by the next process simulator; several
process decks form a serially-linked chain. Device tests always use the last available process result.
Auto interfacing is one of the most powerful features in DECKBUILD.

83

ATHENA - 84

ATHENA - EL PROCESS
SIMULATION
SEQUENCE

ATHENA - 84

ATHENA - EL

ATHENA -84

DEVICE
‘ AT éAT 5” é AT 5” %AT SIMULATION
O & TESTS

Figure 1-1: DeckBuild Schematic
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Introduction

Execution Control

DECKBUILD provides a diverse set of controls over the running simulation. You can run the entire deck.
You can run it one line at a time. You can run the deck until a predefined line is reached or halted
immediately after the current command. You can even set multiple break points in the deck by using
the String Monitor option and by adding a specific comment to search for at the required locations.
While the simulation is running, DECKBUILD also highlights the currently executing line in the input
deck. The simulator itself can be stopped, started, quit, killed, paused, and unpaused.

One of DECKBUILD’s unique features is the History function (see Section 3.7: “History”). DECKBUILD
remembers each line of the deck as it is executed and saves a structure file after each one. As a result,
if a problem is discovered it is unnecessary to re-do the entire deck from the start. For example, if after
running part way down an input deck and you discover a missing statement or an erroneous value, you
only need to point and click on the line from which to start and click on Init from History. DECKBUILD
automatically re-loads the saved history file and allows the simulation to continue from that point.

DECKBUILD also allows plotting the current structure. At any point in the deck, click a button and
DECKBUILD automatically causes the simulator to save a structure file, then start up SILVACO’s post-
processing tool using the saved structure as input. This is often useful in conjunction with History to
aid in fast tuning of a section of input deck. A statement can also be changed then re-executed, and the
change is immediately visualized.

Examples and Tutorial

DECKBUILD provides full on-line examples that can be loaded up at the press of a button. These
examples provide input decks for actual devices and help when learning about DECKBUILD. Chapter 2:
“Tutorial” is a tutorial that explains how to use DECKBUILD to perform a simple simulation.

Advanced Topics

Generic Decks

Most decks have built-in geometric constants that reproduce a single, unchangeable cross-section of a
wafer. DECKBUILD’s IC layout interface (MASKVIEWS) makes it possible to write a single deck that can be
used at any location on a wafer without using hard-coded geometry information. You can create (or
read from GDSII or CIF format) device layout and mask layers using MASKVIEWS. Then, create or
modify a deck using DECKBUILD to use mask names rather than deposit and et ch statements with
hard-coded geometry values. Finally after making a cutline using MASKVIEWS, DECKBUILD can simulate
that cross-section. You can simulate any cross-section of the device in this manner.

Extraction

DECKBUILD contains built-in extract routines for both process and device parameter extraction. EXTRACT
forms a “function calculator” that allows you to combine and manipulate values or entire curves
quickly and easily. You can take one of the standard expressions and modify it as appropriate to suit
your needs or use the custom extract language to create unique extraction statements specific to the
current simulation.

EXTRACT also includes features, such as variable substitution and internal 1D device simulators,
QUICKMOS and QUICKBIP for specialized cases of MOS and bipolar electrical measurement. All
extracted results are displayed in the DECKBUILD TTY subwindow and stored in a datafile for easy
comparisons of different simulations (See Chapter 5: “Extract”).

SILVACO, Inc. 1-3
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Optimization

A powerful OPTIMIZER is available within DEckBUILD that allows quick and accurate tuning of
simulation parameters. Specify any number of input parameters to vary and any number of targets to
attain. For example, it is possible to find a target threshold voltage of 0.75 volts by varying gate
oxidation time and Vt adjust implant dose.

Optimization parameters may come from any simulator in the simulator library, and targets from any
extracted parameter. For example, it is easy to set up a deck that auto interfaces from SSUPREMS to
ATHENA to ATLAS. Then, extracted values can be optimized from I-V curves while using SSUPREMS3 or
ATHENA diffusion coefficients or both as input parameters. Simple graphical worksheet control with
interactive runtime display of the optimization in progress makes the optimizer easy to use. In
addition, the OPTIMIZER requires no modification of any kind to the input deck.

1-4 SILVACO, Inc.



Chapter 2:
Tutorial

2.1: QuickStart

Although DECKBUILD may seem complicated at first, a deck can be built and run using only a few basic
controls. If new to DECKBUILD, please follow this tutorial guide. The remainder of the manual can be
read for more details on using DECKBUILD after getting familiar with its operation.

2.1.1: Starting DeckBuild

This section explains how to start DECKBUILD, create an input deck, run the deck, do an interactive plot
of the results, and save the input deck file to disk. In the following startup instructions, if not running
C-Shell, do not use the ampersand (&) at the end of the entered command line. The & tells csh to run
DECKBUILD in the background.

Since a SSUPREMS3 input deck is built in this tutorial, start DECKBUILD with the default simulator set
to SSUPREMS by entering the command:

deckbuild -s3 &

The simulator can also be selected or changed after DECKBUILD has been started from the Main Control
popup.

In a few moments, DECKBUILD will appear on the screen. If it doesn’t or if any error messages appear,
refer to the SILVACO INSTALLATION GUIDE to verify that DECKBUILD was installed correctly.

2.1.2: Writing a SSUPREM3 Input Deck

Click and hold the MENU mouse button over the Commands menu button to display the SSUPREMS3
Commands menu. It will appear as shown in Figure 2-1, showing all the buttons at the top of the
frame.

=] Deckbuild ¥3.3 - (NONE), dir; /tmp_mnt/writer/hankm

(File ) (Wiew w) (Edit v) (Find w) ( Main Control v) (Eommangsn) ( Tools 7)
H =

. :
Process b ﬂ

Electrical &
File 1/0...
Hotes..,
Models...
Extract...

Parse Deck

=]

{next ) [ line O (stopat ) cont i run ) (Cauit ) Line: 1
( paste ) C init ) C pause ) ( clear )( restart ) ( kill ) Stop: None

=

Tue Tun 15 15:16:44 1333

Commands input from file: fdew/tty

(&
SSUPREM3 > j

LSSUPREMS started SSLIF'REME"_r

Figure 2-1: Deckbuild SSUPREM3 Commands Menu
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Next, move the pointer over the Initialize... menu item and release MENU. The SSUPREMS Initialize
popup will appear as shown in Figure 2-2.

1 Deckbuild: SSUPREM3 Initialize

Material: [F] Silicon Orientation:
Thickness {(pm): 4.00,  0.00 e———— 5,00

Grid specification:

Wi  Total number of grid layers: BOO 1 — 1000
O spminal urid spacing {pmb

O Grig spacing jocation {umb

[0 #inimum grld spacing (b

Impurity concentrations (atom/cm3):

O Auntimpny
O AT D
O Boarsm

[0 #hesgherag

Comment:

Figure 2-2: SSUPREMS3 Initialize Popup

Choose the material, orientation, thickness, and grid layers by using the pointer and mouse buttons.
The default values of these controls have been chosen so that, in many cases, it is unnecessary to
change the value of every control on the popup. Just change the values needed. Use lists of items such
as Material by clicking MENU while the pointer is over the square box. A list of materials,
resembling a menu, appears. Move the pointer over the desired material and then release MENU to
activate it.

Change the value of Thickness by clicking and holding SELECT with the pointer in the small grey
slider box, then dragging the box left or right. Release SELECT when done. Notice that as the
thickness is changed, the grid layers slider automatically follows along to maintain a constant
thickness per grid layer ratio. If you not satisfied with the number of layers, change it after the
thickness is set. Choose the Orientation by clicking SELECT over the desired orientation value.

The box containing the value will be indented.

To specify an initial impurity, click SELECT in the checkbox to the left of the impurity. The impurity
name and slider become active. When the checkboxes are not checked, the impurity information
becomes inactive and appears grayed out. Slide the concentration slider to the desired value. Choose
an exponent for the concentration by clicking MENU over Exp. A list of exponents appears. Release
MENU over the desired value. Finally, write the SSUPREMB | NI Tl ALI ZE statement to the deck by
clicking on the WRITE button.

A line similar to this appears as:
INIT SILI CON ORI ENT=100 THI CK=4.00 SPACES=800

In this fashion, you can build a process sequence by serially invoking popups from the Commands
menu. Most of the commands needed are on the Process pullright menu (Figure 2-3). For example, to
open the SSUPREMS Diffuse popup, click on and hold MENU on the Commands menu button. The
Commands menu appears. While still holding MENU, move the pointer down to Process.

Note: There is a small, right-pointing triangle to denote a pullright menu. Slide the pointer over to the right a few millimeters,
and the Process menu will appear. Move the pointer down to Diffuse... and release MENU to invoke the popup.

2-2
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You can pin the Commands, Process, and other menus for convenience. A pinned menu stays in place
on the workspace and does not disappear after choosing an item, unlike an unpinned menu. To pin a
menu, first invoke it with MENU. Then while still holding MENU, move the pointer over the pushpin

shown at the upper left corner. The pushpin slides into its hole as the pointer moves to the left.

Invoke items from a pinned menu by clicking SELECT over the desired item. To unpin a menu, click
SELECT over the pin. The pin is removed and the menu disappears.

=

Deckbuild ¥3.3 - (NONE), dir; Atmp_mnt/writer/hankm

=

{(File w) (View w) (Edit v} (Find v} (Main Control ) (Commands v} ( Tools v}

E

{$¥ SSUPREM3

{Initialize... "I & Process
Frocess =
Electrical I D iffuse..

File 1/0... Deposit..
Notes... Etch..
Models... Epitaxy..
Extract.. Photo..,
Parse Deck

=

{ next 3 (line 3 (Cstepat ) (Ccont ) run 3 (Cauit

) Line: 1

{“paste ) (init 3 (Cpawse ) (Cclear ) restart ) (kill

) Stop: Mone

Tue Tun 13 153:16:44 1933

Commands input Fraom file: Adew/tty

SSUPREM3>

—=

:

L

SSUPREM3 started

SSUPREMSJ

Figure 2-3: Pinned Commands and Process Menus for SSUPREM3
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2.1.3: Running A Deck

A SSUPREMS deck fragment for initial MOS processing is shown in Figure 2-4, which shows this deck
in DECKBUILD. Because DECKBUILD was started with the - s3 option, SSUPREMS3 should be running and
displaying a prompt in the tty subwindow. If so, you can now run the deck.

r@ Deckbuild ¥3.1.6 Alpha — (NONE) (edited), dir; /tmp_mnt/writer/hankm R

(File w) (Wiew w) (Edit w) (Find ) (‘Main Control %) ((Commands v) { Tocls w)

go ssuprems

# Grow pad oxide, 400A i
init silicon orient=100 thick=3.00 <.boron=1.0e15 %
spaces=150 d

# Grow field oxide
diffus time=40 temp=1000 dryo? press=1.00 hcl%=0

# Inplant boron to increase field region doping
implant boron dose=1.0e13 energy=150 gauss rotation=30

%ffus time=180 temp=1000 weto2 press=1.00 hcl%=0

( hext ) ( line ) ( stop at ) ( cont )( run ) ( quit ) Line: 1
{Cpaste ) (init ) (pause ) (Cclear ) restart ) (" kill ) Stop: No

e
—
Tue Mov 24 13:49:12 19592 é
]

Commands input from file: fdev/tty

S5UPREMZ> [
SSUPREM3 started SSUPREM

i

Figure 2-4: SSUPREM3 Deck Fragment

DECKBUILD permits several ways to run the deck: one line at a time, all of the input deck, or only up to
a breakpoint. Run the deck a line at a time by clicking next on the execution control panel.

The first line (go ssuprenB) is ignored by the simulator. This line is an aut oi nt er f ace statement
that tells DECKBUILD to run the following deck in SSUPREMS. Click next again. The first comment line
is executed by SSUPREMS3. SSUPREMS3 just repeats the comments it sees. Click next again to execute
the | NI T statement. Continue in this fashion to go as far as desired into the deck.

At any time, you can tell DECKBUILD to run from the current line to the bottom by clicking cont. When
run is clicked, DECKBUILD always runs from the first line to the last. Be careful if in the middle of the
deck, since DECKBUILD starts running from the top again. Use cont to keep going from the middle of
the deck. DECKBUILD saves special files automatically after each process step. These are history files,
which allow backing up and re-starting the simulation from any point in the deck. See Section 3.7:
“History” for information about how it works.

Resetting The Current Line

Notice that as the deck is stepped through, the Line field is incremented. Line shows the current line
in the input deck. Since next always operates on the current line, it is necessary to reset it when you
reach the bottom of the deck if you want to starting from the top again. In fact, the current line can be
set to any line in the deck, not just the top line. Set the current line by highlighting part or all of the
line in the input deck and click Line. The Line field will be updated to show the new current line
number.
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Plotting The Current Structure

DECKBUILD can plot the current device at any point in the process while stepping through the deck.
This permits you to visualize what the device looks like at any point. For example, after a gate oxide
step in a MOS device, you may want to investigate the oxide thickness, or look at a doping profile after
an implant step.

To plot the current structure, first un-highlight any highlighted text on the screen. An easy way to do
this is to single-click SELECT anywhere in the input deck. Then, click SELECT on the Tools menu
button. DECKBUILD saves the current structure from the simulator then starts ToNYPLOT on the
structure. In a few moments, TONYPLOT will appear.

Note: Single-clicking SELECT on a menu button automatically chooses the default item on the menu, which is Plot structure.

ToNYPLOT can be kept on the screen for as long as necessary. You can run additional ToNYPLOTS later in
the process flow to show how the formation of the device progresses. You can also show layout files
using the MASKVIEWS layout editor. To start MASKVIEWS, select it from the Tools menu.

Saving The Deck

When satisfied with the results of the simulation, save the input deck by choosing Save as... from the
File menu. The Save As popup will appear (Figure 2-5).

P ————————————————————————————————————————————
@ Save As

Directory [4] martingwork/test/deckbuild,

Filter *.in

1 {go up a laval)
O sfim

A 1dvtz.in

(A amexz10.in

[ amex11.in

A andw.in
[A[anelex23.in
[ anex0z.in

[ areatestin

A atan.in

11 T&][]

File anelex29.in

I Save ) [ Cancel)

Figure 2-5: Save As Popup

Enter in the directory and the file name wanted and click Save. After DECKBUILD saves the file, the
popup will disappear.
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2.1.4: Quitting DeckBuild

The easiest way to quit DECKBUILD is to select File—»Quit. This displays a notice to receive
confirmation of quitting. Alternatively, you can quit DECKBUILD by using the Define menu. The
appearance and location of the Define menu depends on the window manager in use, but is always
available from the header region of the base frame. Under the Open Look window manager, click
MENU with the pointer anywhere in the base frame header. Under the Motif window manager, click
SELECT in the upper left-hand corner of the base frame header. In either case, activate the Quit
option to quit from DECKBUILD.

If any unsaved edits exist, DECKBUILD displays a notice prompt allowing cancellation of the quit, or
discarding of the unsaved edits and quitting. To save the edits, cancel the quit and save the file. You
can either save to a new file or, if already editing a file, save edits back to the same file. To do this,
select the corresponding option under the File menu. See Sections D.1: “Text Subwindow Error
Messages” and D.2: “TTY Subwindow Error Messages” for more information.

It is often important to know whether there are unsaved edits, and exactly which file is being edited.
DECKBUILD displays the file name in the header bar, or NONE if the file is not edited yet. When first
saved to a file, it becomes the edited file. The word edited follows the file name if there are unsaved
edits.

2-6
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Chapter 3:
Functions

3.1: Starting DeckBuild

3.1.1: Syntax
deckbuild [ -s3 | -an | -as | -od | -de | -fa| -nma | -hi |
-mo | -ut | -ss | -in]

[-option [no]lexec | [no]lauto |[no]comrands |[no]jwite] [-ascii]
[-sinver <simulator_version>][-run][-outfile outfilenamne]

[-cutfile <cutfilename>] [-optfile <optfil enane>]
[-renote <hostnane>][-editfont <font>]

[-inpi pe <input pipe> -outpipe <output pipe>] [-noplot] [-help]
[ xvi ew argunents] [textedit-argunents] fil ename

3.1.2: Description

You can start DECKBUILD in either an interactive mode or a batch mode. In the interactive mode, it is
possible to create, edit, and run input decks using mouse and keyboard operations. In the batch mode,
DECKBUILD runs a previously created input deck. In the interactive mode, DECKBUILD appears as a
window containing a text subwindow and a tty subwindow. The filename specifies the file to edit. If not
specified, the text subwindow will be empty. If specified, DECKBUILD loads the file into the text
subwindow.

In batch mode, a filename is required. DECKBUILD appears as an icon and automatically starts a
simulator and executes the entire input deck (see “Default Simulator” on page 3-3). DECKBUILD quits
when the run is complete. In either mode, you can save the run-time output of the simulation by
specifying the - out fi | e option.

3.1.3: Options

The following options choose the default simulator configuration. A detailed explanation of these
options is provided “Default Simulator” on page 3-3.

-s3 ssuprenB -an at hena
-od clever -as atlas -ma nmasksim
-de devedit -ut utmost -nmo  nobcasim
-Ss snartspice -in internal -hi  hipex
¢ -run starts DECKBUILD in batch mode. The input deck filename is required. If none is specified,

DECKBUILD displays an error message and exits.

¢ outfile <outfilename>— The file specified by out f i | enane is created to store the run-time output
of the simulation. DECKBUILD writes each line of the tty subwindow to out f i | enane as the simulation
progresses.

¢ cutfile <cutfilename> — The file specified by cut fi | enane is loaded as the current cutline file.
DECKBUILD uses the file for mask, region, and electrode data.

¢ -optfile <optfilename> can be used to load an optimizer data file with the input deck. The input
deck must be specified and must match the optimizer data file. You can also use it with -run
(synonym: - opt ) to submit batch optimization runs.
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¢ xview/textedit-arguments — DECKBUILD accepts standard OPEN LOOK and textedit command-
line arguments. XView arguments can set such things as the color, font, and layout of DECKBUILD,
while textedit arguments control such things as history limit, margins, and tab spacing.

¢ filename specifies the name of the input deck that DECKBUILD should initially load. If no filename is
specified, DECKBUILD leaves the text subwindow empty. If the specified file does not exist, DECKBUILD
displays a notice prompt to confirm its creation.

¢ -option [nolexec | [nolauto | [nolcommands | [nolwrite toggles these Main Control options
for a particular run. The options are exec for execute simulator, aut o for auto interface, conmands
for the Commands menu, and wri t e for write text to text window (all corresponding to the options
setting on the Main Control popup). A ‘ no’ indicates to turn the option off. Repeat the - opti on
argument to enable/disable more than one option.

¢ -ascii enables DECKBUILD to run in a non X windows environment. No popups or windows are
created, but an input deck can be run normally. This option requires the use of an input filename and
the - r un option. The -out fil e option (to store run-time output) is also helpful. If -out fi | e is not
specified, the run-time output goes to st dout .

¢ -simver <simulator_version> specifies that the simulator should be started with the specified

version. The simulator are invoked as <si mul at or> -V <si mul at or _ver si on>. If no simulator is
specified, the default simulator uses this version.

Note: - sv is also accepted as well as - si nver.

¢ -help displays a list of the DECKBUILD and XView command line options.

¢ -remote <hostname> sets current simulations to be executed on the specified host. Although this
option for interactive use can be used, it is intended for batch mode simulation. In interactive mode,
you can select remote hosts from the Simulator Properties popup. See Section 3.13: “Remote
Simulation” for more information.

¢ -editfont <fontname> allows the font for the text and tty sub windows to be specified as required.
¢ -noplot specifies that no plot commands within the deck are executed.
¢ -inpipe <input pipe> -outpipe <output pipe> specifies input and output pipe for communication
with other products.
Examples
The following command will start DECKBUILD in interactive mode and pre-load the specified file.

deckbuild [filenane.in] &

DECKBUILD can be submitted as a batch command on the UNIX command line. This method runs an
input deck and quits at the end of the deck. You can submit a number of jobs for serial execution in this
manner. The format of the command uses the - r un option as follows:

deckbuild -an -run [fil ename.in]

DECKBUILD appears on the screen as a closed Icon and execute the named input deck, it may be opened
to a full screen at any time during the execution. DECKBUILD exits completely when the last command
in the input deck has been executed. If the runtime output is required to be stored into a separate file,
the following options can be used:

deckbuild -an -run [filename.in] -outfile [fil enamne]

Again, DECKBUILD appears as an Icon and executes the specified input deck. But in this case, all
runtime output is appended to the named outfil e.

If simulations are executed while X Windows is not running (or in a screen locked mode), the - asci i
option can be used as follows:

deckbuild -an -run [filename.in] -outfile [filenane] -ascili
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DECKBUILD does appear as an Icon and executes the specified input deck. All runtime output is again
appended to the named outfile, as recommended for - asci i use. If no outfile is specified for this type
of command the runtime output is displayed in the current command tool.

Structure files saved during batch jobs should be carefully thought out. Make sure not to over write
structure files with subsequent runs in the same working directory.

Defaults

A large number of control settings and options are configured at startup time. To configure these
default options, use the Save function in the DECKBUILD property popups. DECKBUILD provides defaults
saving routines on its property popups.

Default Simulator

At startup, DECKBUILD creates popups for the chosen default simulator and starts the default simulator
in the tty subwindow if you enable the tty subwindow. DECKBUILD determines the default simulator
according to the following rules:

1. The simulator specified on the command line, if any, takes precedence over all other rules.

2. If no simulator was specified on the command line, DECKBUILD uses the last saved default simulator.
The default simulator is saved by clicking the Save as Defaults button on the Control Pad.

3. If no default simulator has been saved, DECKBUILD uses ATHENA.

Note: DeckBuild automatically changes simulators whenever it encounters an aut oi nt er f ace statement in the input deck
(see “Autointerface” on page 1-2). Command line specification of the default simulator is important in the batch mode if
there is no initial aut oi nt er f ace statement in the input deck.
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3.2: DeckBuild Controls

DECKBUILD consists of a window (Figure 3-1) containing two subwindows: the text subwindow in the
upper half of the base frame and the tty subwindow in the lower half. The text subwindow is used to
build and edit input decks, while the tty subwindow is used to run the simulation. You can also display
a messages subwindow below the tty subwindow.

r‘@ Deckbuild ¥3.3 - (NONE), dir; /tmp_mnt/writer/hankm hl
View v) (Edit v) (Find v) (Main Contrel ) ((Commands v) (Tools v)
=

.

|

=

(Cnext ) (Cling ) (stopat ) (Ccent ) (run ) (Cquit ) Line: 1

(Cpaste ) (Cinit ) (_pause ) {_clear ) restart ) (_Kill ) Stop: None

=

Tue Jun 15 15:16:44 1993

Commands input from file: fdew/tty

a]
SSUPREM3 > @

=

 SSUPREM3 started SSUPREM3 ]

Figure 3-1: DeckBuild Base Window
3.2.1: Main Window Layout

DECKBUILD’s controls are layed out in a hierarchical format. The most important and frequently-used
controls are placed on the main window. Lower-level, less frequently used controls are stored as menu
items on the top-level menus, or on popup windows accessed from the top-level windows. The resulting
design attains an optimum of flexibility, ease of use, with a minimum of wasted space on the screen.

Menu Buttons

The set of buttons located along the top of the main window are the menu buttons. These buttons allow
access to file control, simulator selection, simulator commands, and the tool palette and are as follows:
¢ File — The pulldown menu for saving and retrieving input deck files.

¢ View — The pulldown menu for changing the view of the text.

¢ Edit — The pulldown menu for cut, paste, and undo editing operations.

¢ Find — The pulldown menu for text search and replace operations.

¢ Main Control — The pulldown menu for top-level DECKBUILD configuration and control.

¢ Commands — The pulldown menu for simulator-specific commands and input deck creation.

¢ Tools — The pulldown menu for invoking the VWF INTERACTIVE TOOLS such as TONYPLOT.
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Execution Control Buttons

The set of buttons located between the text and tty subwindows are the execution control buttons.
These buttons allow complete interactive runtime control of the simulator and are as follows:

¢ next — This sends the current line to the simulator, and advances the current line by one. If a
simulator is not running, one will be started.

¢ line — This resets the current line to the selected line.

¢ stop at line — This sets the breakpoint to the currently selected line.

¢ stop now — This stops execution after completing the current command and the associated history
file’s save command, if appropriate.

e cont — This continues the simulation from the current line to the end of deck, or to the breakpoint,
if any. If not running, it also starts the simulator.

¢ run — This runs deck from the top to the bottom, or to the breakpoint, if any. If not running, it also
starts the simulator.

e quit — This sends a qui t statement to the simulator.
¢ paste — This sends the current selection to the simulator to be executed.

¢ init — If the selected text is a file, then the correct simulator is initialized with the file. Otherwise,
the selected line is used to initialize from history.

¢ pause/unpause — This pauses/unpauses the running simulator.
e clear — This unsets the current breakpoint.

¢ restart — This restarts the current simulator if it’s not running.
e kill — This kills the simulator.

3.2.2: Text & TTY Subwindows

Although the primary means of building and modifying input decks in DECKBUILD is via popup
windows, DECKBUILD’s text subwindow supports a full-featured text editor that allows editing decks
directly. It is not necessary to know any special editing commands because they are available from the
main window header menus. Command menus are accessed via the File, View, Edit, and Find menu
buttons, and also by clicking MENU with the pointer anywhere in the text subwindow.

3.2.3: Using the Text Subwindow
Creating A New File

To store a new file, move the pointer to the File menu button and click and hold the MENU mouse
button. Move the pointer to the Save as... menu item and release the MENU button. A Save As
popup are displayed showing a list of directories and files in the current working directory (Figure 3-
2).

To move between directories, either modify the Directory field and press RETURN or double-click on
the required directory in the list. To save the required file, either highlight it in the list and select the
Save button, double-click on the required file or enter a new file name in the File field and select the
Save button.

Note: Saving a file to a new directory, moves DECKBUILD’S current working directory to that location.

SILVACO, Inc. 35



DeckBuild User's Manual

[ Save As

Directory [€] marting/work/test/deckbuild,

Filter *in

4 (go up a level
O sflm

0 1dvtz.in

O amex10.in

O amex11.in

™ andv.in
[@anelex23.in
(3 anexoz.in

[ areatestin

3 atan.in

File anelex29.in

Figure 3-2: Save As Popup

Loading an Existing File

Any plain ASCII text file can be loaded into DECKBUILD. To load an existing file, choose the Open...
item from the File menu. A file loader popup is displayed showing a list of directories and files,
corresponding to the Filter field, in the current working directory (Figure 3-3). To move between
directories, either modify the Directory field and press the Return key or double-click on the required
directory in the list. To load the required file, either highlight it in the list and select the Open button
or double-click on the required file.

Note: Loading a file from a new directory, moves DECKBUILD’S current working directory to that location

[¥) open file

Directory [q] martingwork/test/deckbuild,

Filter *in

4 (9o up a level

O sflm

O 1dvtz.in

[Alamex10.in |
O amex11.in

O andy.in

Y anelexz3.in

[ anexo2.in

[ areatest.in

™ atan.in

4 1=

File amexin.in

Figure 3-3: Open File Popup
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Saving Changes

After changing the contents of an edited file (for example, by changing a diffusion parameter or by
appending a device test to the end of a process deck), you can save the changes back to the same file or
save the deck as a new file. To save the changes back to the same file, choose Save from the File menu.
DECKBUILD saves the current file and makes a backup of the original renamed with a% suffix. For
example, a file called nnos. i n would be backed up to a file called nnos. i n% To save the changes to a
new file, choose Save as... from the File menu. The procedure is the same as described above for
saving a newly-created file.

Editing Input Decks

DECKBUILD allows you to search for text strings in a deck, copy text from one location and paste it to
another, and add/delete text. To search for a text string, choose Find and Replace from the Find
menu. The Find and Replace popup window appears with fields for text strings to find and to
replace. Enter the text string to find on the first line. If desired, also type in the replacement text on
the next line.

To search for each occurrence of a string, click SELECT on the Find button. Successive clicks find
successive occurrences of the text. To replace a text string and approve each occurrence, click on the
Find button to find each string. Then, click Replace to replace the text.

At each instance of the text string, if it is desired to replace the text and then search again, click
Replace then Find.

To change only the first instance of a string without approval, click Find then Replace. To replace all
instances of the text string immediately, choose Replace All.

Adding And Deleting Text

Add text to the deck by placing the insert point anywhere in the text subwindow (by clicking SELECT
on the desired location) and click the WRITE button from any simulator pop-up window, or by simply
entering the text. Delete text by choosing the insert point, then backspace over the text to delete.

Another way to insert and delete text is by using the system clipboard. To cut (that is, delete) text from
the deck, click SELECT on the first character to cut. Then, click ADJUST on the last character to cut.
This operation selects the range of text to cut. Finally, choose Cut from the Edit menu. The text is
deleted from the input deck, and is placed in the system clipboard.

To paste (insert) text from the clipboard, place the insert point at the desired location, then choose
Paste from the Edit menu. The text from the clipboard appears at the new location.
Copying Text

To copy a section of text, select the text to be copied (using one of the select mechanisms described
above), then choose Copy from the Edit menu. This copies the selected text to the clipboard. To insert
the text in the document, place the insert point at the desired location and choose Paste.

Tips On Cutting And Pasting
The following provides useful tips for cutting and pasting when working in the text Subwindow:
¢ Single-clicking SELECT in text selects a single character, double-clicking selects a word, triple-

clicking selects a line, and clicking four times selects the entire document.

e Some may prefer the Cut, Paste, and Copy buttons on the keyboard (not available on all keyboards)
rather than using the Edit menu.

¢ Text copied to the clipboard remains there until another copy operation is done.

e Text may be copied to the clipboard from one application, and pasted into an entirely different
application.

¢ DECKBUILD’s tty subwindow also supports cut and paste operations.
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3.2.4: Using the TTY Subwindow

The tty subwindow, used to drive the simulation programs, is a text-based command window. It accepts
many of the same commands and has many of the same capabilities as the text editor.

Entering Commands Directly

The execution control buttons provide the primary means of input to the running simulator, but text
typed directly into the tty subwindow can be used as well. Place the pointer anywhere in the tty
subwindow and click on SELECT. If a simulator is running and is waiting for input, a caret appears at
the simulator prompt. Commands typed at the keyboard are executed by the simulator.

The text of the current command line can be edited using the normal text editing functions explained
above.

Editing The Contents

Except for the current command line, all lines in the tty subwindow are read-only and cannot be
edited. The subwindow displays a log of the simulator input and output, which can be scrolled using
the scrollbar. To search for a particular text string, use the Find and Replace popup. Bring up the tty
(Term Pane) menu by placing the pointer anywhere in the tty subwindow and click on MENU. This
menu contains a number of items used to edit and manipulate the tty subwindow, and is like the text
menu. Choose Find and Replace from under the Find menu item. Searching is done the same as
with the text subwindow.

& Deckbuild: Main Control

Category: |Contro| Pad | Options | Messages | Formatting | Arguments |

Set Current Simulator: [Z] ATHENA

With Options: | Exec Simulator | |P.uto Interface |

| Comrmands | | write to Deck |

{Sef CurrentSimulator )  (Sim Props.. )

SIMULATOR CONTROLS:

(" Init from History ) (History Props...)
{Plot Current Structure ) ( Plotter Props... )

Start simulator:

Show currently executing line:

Save as defaults

Auto MaskWiews: Select cutfile No active structure

Figure 3-4: Main Control Popup
Cut, Paste, And Copy

You can copy and paste text in the tty subwindow directly by using the Edit menu from the tty menu
or by using the corresponding keys if available. Cutting is not allowed on any but the current
command line, however, since the remainder of the subwindow contents are read-only.
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Saving/Resetting The Contents

To reset the contents of the tty subwindow (that is, remove the log and clear the subwindow), bring up
the tty menu and choose History—Clear log (Figure 3-4). To save the contents of the tty subwindow,
bring up the tty menu and choose History—Store log as new file.

Note: History on this menu refers only to the contents of the tty subwindow, and is not related to DECKBUILD’S History
feature.

Error Messages

The Error Messages section at the end of this chapter contains information about error messages that
may be encountered while using the text and tty subwindows.
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3.3: Main Control

The Main Control popup (Figure 3-4) provides a collection of controls, organized by category, that
allows customizing of DECKBUILD’s configuration.

The Main Control popup with the Category menu displayed is shown in Figure 3-3. The Category
menu contains the following control category selections.

¢ Control Pad — Simulator choice, activation, and runtime options.

e Options — User configurable option settings.

¢ Messages — DECKBUILD debugging control.

¢ Formatting — Input deck operation formatting.

e Arguments — Command line arguments for other VWF INTERACTIVE TOOLS.

Choose a category by clicking on MENU with the pointer over Category. Move the pointer over the
category of interest, then release the MENU button. When you select a new category, the popup
changes from the old category to the new. Old controls disappear, new ones appear, and the popup may
change its size.

Each category contains a Save as defaults button. Click on the button to save the settings in that
category. DECKBUILD configures itself with the saved settings the next time it is invoked.

3.3.1: Control Pad

The Control Pad provides one-stop service for the highest level of DECKBUILD configuration and
runtime control. Choose the currently configured simulator, auto interface options, and DECKBUILD
layout using the Control Pad. In addition, the important runtime control features of History and
Plot are placed here for easy and quick use.

3.3.2: Choosing a Simulator

Choose a new simulator when writing or modifying a deck for that simulator, to see its Commands
menu, or to shut down the currently running simulator and start up the new simulator. DECKBUILD
provides control over each of these actions with Options. To change over to a new simulator, click and
hold MENU in the Set Current Simulator setting. A list of available simulators is shown (Figure 3-
5). Move the pointer over the desired simulator and release the MENU button. Activate the options

that are appropriate (usually all except Write to Deck). Finally, click on the Set Current Simulator
button.

19} Deckbuild: Main Control

Category: IControI Pad | Options | Messages ‘ Farmatting |Arguments |

Set Current Simulator: [¥] SSUPREM3

With Options: SSUPREM3 Autoe Interface
ATHENA -
Wwrite to Deck

ATLAS
{Set Currer|| FastATLAS (Sim Props.. )
ODIN
SIMULATOR CONTROLS: || DevEdit

Init fror| Utmost History Props.. )
Plot Curre|| SmartSpice Plotter Props..

Internal

Start sin MaskSim

Storm
Show cul

.- line:

SMINIMOS4

MOCASIM

Aute MaskWiews: Select cutf Ne active structure

HIPEX

Figure 3-5: Main Control - Set Current Simulator
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In the following section, the current simulator means the simulator before the button is clicked, and
the new simulator means the current simulator after the button is clicked. Based on the chosen
options, the following occurs:

1. Exec Simulator causes the currently running simulator to shut down and the new simulator to
start. If you enable the Auto Interface option and DECKBUILD determines that an interface is
appropriate, then DECKBUILD performs an auto interface from the current to new simulator. Exec
Simulator is enabled by default.

2. Auto Interface causes an auto interface to be performed between the current and new simulator.
This option is also referenced at run time whenever DECKBUILD encounters an aut o i nterface
statement in the input deck. See Section 3.8: “Auto Interfacing” for more information. Auto
Interface is enabled by default.

3. Commands causes DECKBUILD to change the Commands pull-down menu to reflect the new
simulator’s syntax. All popups for the current simulator that are not pinned are closed. Commands
is enabled by default.

4. Write to Deck causes an aut o i nt er f ace statement to be inserted in the input deck at the location
of the text caret. See Section 4.3: “AUTOELECTRODE” for more information. Write to Deck is not
enabled by default.

Note: DECKBUILD always delays popup creation until the popups are needed to reduce startup time. The Commands menu
and associated popup windows are created only when referenced for the first time. Therefore, if the new simulator has
not been referenced before, then there is a short delay while the popups are created. Otherwise, the change will be
instantaneous. A notice in the lower left footer of the main window will be displayed while the popups are being created.

When the change from one simulator to another is complete, the new current simulator is shown in the
lower right footer of the base window. The current simulator is always shown in the lower right footer.

3.3.3: Simulator Properties

To access properties unique to each simulator, click on the Sim Props button. A popup is displayed
that contains settings and options applicable to the current simulator, including a switch for local and
remote Simulation and command-line arguments used to execute the simulator. If remote simulation
is selected, the hostname of the machine that executes the simulator must be specified. See Section
3.13: “Remote Simulation” for more information.

3.3.4: Start Simulator

The Start Simulator setting determines DECKBUILD’s window layout. Each of the four choices in the
setting has an iconical representation of what DECKBUILD can look like: text subwindow only, or text
subwindow with small, medium, or large tty subwindow displayed. By default, DECKBUILD appears
with the tty subwindow displayed in the small configuration.

The current simulator is started when the tty subwindow is enabled. From that point on, the simulator
continues to run, even if the tty subwindow is made to disappear.

3.3.5: Simulator Controls

Three high-level run-time functions are provided on the Control Pad: Init from History, Plot
Current Structure, and Show Currently Executing Line.

Init from History is used to re-initialize the simulator from some previously-run line in the input
deck. DECKBUILD automatically saves files as each line in the deck is run. This permits transparent
movement back and forth in the input deck if you need to back up to try something again. History
properties, including the ability to disable history, are accessed by clicking on the History Props...
button. See Section 3.7: “History” for more information.
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Plot Current Structure is used to plot either the current structure or any selected structure. It
provides a shortcut to Plot on the Tools menu.The following occurs when you click on this button.

¢ If there is text selected (highlighted) anywhere on the screen, DECKBUILD takes the text as filename
of a file to plot. DECKBUILD starts up TONYPLOT on the named file.

¢ If no text is selected and a simulator is running, DECKBUILD causes the simulator to save its
simulation data and then starts TONYPLOT using that data. This does not disrupt any lines of input
deck waiting to be executed by the simulator.

¢ Optionally, choose a set file by clicking on the Plotter Props... button. The set file is used to record
a given plot’s layout, such as scaling, zoom, number and type of plots shown. After creating a set file,
you can use it to re-create the same layout when using the same or any other plot data. A set file is
often useful for comparing the results of different simulation runs.

After pressing the Plotter Props... button, the Plotter Set Files popup will appear. This contains a
scrolling list of set files in the current directory, and a text fields used to search for set files. Adjust
the directory name and directory filter if necessary. Click SELECT over the name of the desired set
file, if any, in the scrolling list. If none are desired, then make sure no entries are selected (de-select a
selected list entry by clicking SELECT on it again). The selected entry, if any, will be used as the set
file on subsequent plots.

It is also possible to specify when DECKBUILD should save the active structure (no filename
highlighted). See the Plot structure description in Section 3.3.6: “Options Category”. It provides a
shortcut to Plot on the Tools menu.

Show Currently Executing Line tells DECKBUILD whether or not to select (highlight) each line in
the input deck as it is executed by the simulator. DECKBUILD also automatically scrolls the text
subwindow to keep the currently executing line always in view. This feature is enabled by default,
except when running batch mode (- r un).
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3.3.6: Options Category

The Options category (Figure 3-6) is a collection of a number of settings that modify the behavior of
various DECKBUILD functions. For example, it is possible to configure what happens when WRITE is
clicked on a syntax popup, whether history files should be automatically removed at the end of a run,
and even the nice value of the simulator.

fie] Deckbuild: Main Control

Category: | Caontrol Pad |Options I Messages ‘ Formatting | Arguments

Write to: I Text editor I | Simulator |

Replace selected text: | Always IConfirm I Mever |

Change insert point: | Mext lineg IConfirm | Mever ‘

Auto Maskviews: IEnabIe | Disable ‘ (Mask\-‘iews FiIeg.‘.)

Plot structure: I Immediate I End of buffer |

Remove history files: | Always IConfirm I Never |

Kill simulator: | SIGKILL | SIGINT
Monitor converge nce:

Monitor strings: IEnabIe | Disable

System commands:
Nominal variables:

Default load filter: *.in

Remote tmp directory: | Default fdlalphal

Remote shell command: rzh

(String st )

[

Remote mount string: /tmp_mnt
Simulator nice value: 10 20 e— 10
Save as defaults

Auto Maskliews: Select cutfile No active structure

Figure 3-6: Main Control - Options Category

Write to setting determines what happens when WRITE is clicked on any of the syntax popups. It
allows choosing to send the text to either the text subwindow or directly to the simulator running in
the tty subwindow or both. The default is Text Editor only.

Replace selected text tells DECKBUILD what to do when WRITE is clicked on while any line of text is
selected (highlighted) in the text subwindow. This situation often comes about after parsing a line of
the deck, see Section 3.5.2: “Parsing the Deck”. DECKBUILD provides the choice of replacing the selected
text with no confirmation, confirming each replacement, or not allowing replacement at all. If you
activate Confirm, then DECKBUILD displays a notice prompt to either confirm or cancel the overwrite
each time. If you activate Never, DECKBUILD displays a notice prompt confirming that the operation
was cancelled. The default is Confirm.

Change insert point modifies the WRITE insertion behavior. This feature is designed to make deck
building easier by checking the location of the text caret each time WRITE is clicked on. The caret
should be at the beginning of a line. It could be relocated for various editing purposes, resulting in the
cursor being left in the middle of a line. Next Line automatically moves the caret to the beginning of
the next line. Confirm asks for confirmation or cancellation of the move each time. If confirmed,
DECKBUILD moves the caret to the next line. Never inserts text wherever the cursor is located. The
default is Confirm.

Auto MaskViews enables or disables the automatic substitution of MASKVIEWS layout information
during deck execution. DECKBUILD also displays the status of this choice in the left footer of the Main
Control popup for easy reference during run time. The MaskViews Files... button is placed here as a
convenient way to select cut files (also accessible from the Cut files... under MASKVIEWS on the Tools
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menu). See Section 4.10: “MASKVIEWS” for a complete description on how to use it with DECKBUILD.
The default is Enable.

Plot structure controls where interactive plots are made. Interactive plots are done from either the
Tools menu or from the Control Pad. Normally, DECKBUILD saves and plots the active structure right
away. The simulator, however, may be busy executing several lines from the input deck. This can
happen, for example, after clicking on the run button, which causes DECKBUILD to queue up many lines
from the deck to be run and feeds them down one at a time. In this case, it is possible to define whether
the save and pl ot commands are placed at the beginning or at the end of those queued commands.
Choose either Immediate or End of Buffer. The default is Immediate.

Remove history files defines what DECKBUILD does with history files when DECKBUILD exits.
Choosing Always causes DECKBUILD to always clean up history files after itself. Confirm brings up a
confirmation notice prompt when DECKBUILD exits. You can then confirm or cancel history file removal.
Never ignores history files and does not elicit a notice prompt. This is useful if you want to modify the
history files on a regular basis.

Note: It's OK when history files are not removed as long as there’s enough disk space. They’ll eventually start getting re-used,
so they won't pile up endlessly. See Section 3.7: “History” for more information. The default is Confirm.

Kill simulator determines how DECKBUILD kills the simulator when the Kkill button is clicked on.
Sl &KI LL is guaranteed to kill the simulator, but it does not give the simulator a chance to clean up
after itself. If the simulator uses any temporary files when killed, the temporary files will not be
removed and will remain in the current directory, or in / t np. It uses the Unix “kill” signal 9. On the
other hand, SI G NT allows the simulator to remove its temporary files and perform any other required
actions before it terminates. It uses the Unix “interrupt” signal 2. We recommend that you use S| G NT
for normal use. If the simulator does not seem to die properly under some circumstances, switch to the
forced kill of SIGKILL.

Monitor convergence, if enabled, monitors the output from ATLAS and looks for messages indicating
that the simulator has failed to converge. If convergence failure is detected, an error message is
displayed and the simulation is halted. No more lines from the input deck are sent to the simulator,
and the simulator is left running and displaying its interactive prompt. You should enable this option
to stop ATLAS runs at the first sign of convergence failure. You should disable this option for doing
snapback characteristic simulation, which actually depends on convergence failure as a precondition
to switching boundary conditions and continuing the simulation.

Monitor Strings, if enabled, monitors the TTY output for strings selected in the Monitor String
List (Figure 3-7). If a selected string is detected, a message is displayed and the current simulation is
stopped at this point. Note the simulator stays active.

System Commands, if enabled, allows DECKBUILD to execute UNIX system commands within a
simulation deck. To use a system command, the line must start with the command system as shown
below.

systemrm hi story*.str

To enable system commands for VWF AUTOMATION TooLs, set the environment variable
DB_SYSTEM OPTI ONto any value.

Nominal Variables, if enabled, allows you to use the nominal flag for DECKBUILD set variables. If you
specify the nominal flag in a set statement, the variable remains unchanged if already in exsitence.
The variable will be created as specified if it is new. See Section 4.11: “SET” for more details on the set
command.

Default Load Filter sets the default file filter for DECKBUILD’s file loader popup.
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Remote options are used to perform remote simulation. These options are explained in Section 3.13:
“Remote Simulation”.

Simulator nice value sets the priority of the simulator process. Negative nice values give the
simulator process more CPU time relative to other processes. Positive nice values give it less. Only the
super-user can use negative values. The value is used only when the simulator is started and does not
change the nice value of the simulator once it is running. You must then quit and restart the simulator
to give it a new nice value. The default value is 10 (added).

To set the simulator nice value for VWF AUTOMATION TOOLS, set the environment variable N CE_ARG to
the required number.

& Monitor String List
S5tring:
String list:
=
ERROR # - i
errors detected in = Insert string @
rrstop now Delete string

syntax error
System Error:
Command Error:

—

CApplv) (Save as defaults )

Figure 3-7: Monitor String List Popup
3.3.7: Messages Category

The Messages category (Figure 3-8) contains option settings that control the display and behavior of
DECKBUILD’s messages window.

S Deckbuild: Main Control

Category: Messages

Message Window:

Verbosity: | Lanar I Med I High | Barf |

[ Save Messages J File: message.out

{Print Messages }  { Clear Messages )

Save as defaults

Aute MaskWiews: Select cutfile Mo active »

Figure 3-8: Main Control - Messages Category

The Message Window provides a debugging log of various actions that DECKBUILD takes as it runs,
such as input decks and switches between simulators. The Message Window is useful to track user
activity in the input deck since activity messages are all time-stamped. This times how long various
sections of the input deck take to execute.

The window is enabled with the Message Window setting. When enabled, the window appears as a
small, read-only text window at the bottom of the main window, and below the tty subwindow.

Messages are logged as a function of the selected Verbosity level. A general rule of thumb is as
follows:

¢ Low — Tracks major events, such as simulator starts, stops, and simulator switching. Also, many
warning messages that appear on the screen are logged at this level.
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¢ Med — Low plus auto interfacing information. This is the default setting.
¢ High — Med plus input deck lines as they are queued to be run.
e Barf — High plus input deck lines as they are actually executed.

3.3.8: Formatting Category

The Formatting category (Figure 3-9) controls the format and initial state of input deck operations,
and is used in conjunction with the VWF.

% Deckbuild: Main Control

Category: El Formatting

Indentation: Spaces: 0 o] D: 2

Initial state: [ Fold All | Unfold All | As Is |

Save as defaults

Auto MazkWiews: Select cutfile Mo active structure

Figure 3-9: Formatting Category

Indentation sets the number of spaces that each level of operations is indented. Top-level operations
are flush with the left margin, while operations they contain are indented by this amount and so on
with each level of nested operations.

Initial state controls what the format of the deck will be when DECKBUILD is invoked from the VWF.
Operations can either be completely folded so that only top-level operations appear, or completely
unfolded so that all operations appear in their entirety. The deck can also be left as-is in the state
when it was saved to the database.

3.3.9: Arguments Category

The Arguments category (Figure 3-10) sets the default command-line arguments used by DECKBUILD
to start certain other VWF INTERACTIVE TOOLS.

To change command-line arguments, or to use a different program, enter the new arguments and click
on the Return key. The new arguments are used the next time that program is started.

DECKBUILD automatically appends specific arguments to the ones that were entered. For example,
DECKBUILD appends a filename to the Plotter argument whenever the current structure is plotted, and
appends a layout filename when MASKVIEWS is started. For this reason, it is unnecessary (or wise) to
put specific filenames in the argument lists.

When encountering a t onypl ot statement during execution, DECKBUILD also automatically determines
if a structure is 3D and use the appropriate 3D plotter argument.

& Deckbuild: Main Control

Category: EI Arguments

Plotter: tonyplot
3D Plotter: tonyplotad

Layout editor: maskviews —pretty

Save as defaults

futo Maskiiews: Select cutfile No active ste

Figure 3-10: Main Control Arguments
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3.4: Execution Control

The execution control buttons, grouped between the text and tty subwindows when the tty subwindow
is enabled, control how the input deck is sent to the simulator. It is possible to step through the deck a
line at a time, run up to a point, run the entire deck, or even back up and continue. DECKBUILD provides
the features needed to start, run, and quit the simulation.

3.4.1: Execution Concepts

DECKBUILD always remembers the current line in the input deck. The current line is the line that is
next sent to the simulator, and is always shown next to Line on the right side of the control panel. It is
updated automatically when stepping through or running the input deck, initialize from a filename,
re-initialize from history, or when explicitly reset.

DECKBUILD sends lines one at a time to the simulator when the simulator is ready for more input. Lines
that have been sent to the simulator (using the next or run buttons, for example) are buffered until
the simulator is ready to accept them. Therefore, you can send down an arbitrary number of lines to be
simulated all in one go, and the lines will be executed in the order received. The buffer is cleared
automatically whenever the simulator exits. See Figure 3-11 for a view of the Execution Control
buttons.

=] Deckbuild ¥3.5.3 Beta - (NONE), dir; /tmp_mnt/main/weston/marting/image
{(File w) (View v) (Edit w) (Find v) (Main Control v) (Commands v) { Tecls v)

& 3
B

—

( next ) ( line ) ( stop v) ( cont )( run ) ( quit ) Line: 1
(Cpaste ) {init O ( pause ) clear ) restart ) { kil ) Stop: No

ATHENA>

|
:

ATHENA started F\THENP.J

L

Figure 3-11: The Execution Control Buttons
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3.4.2: Execution Control Buttons

The following describes the execution control buttons.

¢ next — Sends the current line to the simulator and advances the current line by one.
¢ line — Resets the current line to the currently selected line.
¢ stop at line — Sets the breakpoint to the currently selected line.

e stop now — Stops current execution after completing the current command and the associated
history file’s save command, if appropriate.

¢ cont — Continues the simulation from the current line to the end of deck or to the breakpoint, if any.
¢ run — Runs the deck from the first to the last line or to the breakpoint, if any.
e quit — Sends a qui t statement to the simulator.

¢ paste — Sends the current selection to the simulator to be executed. The current selection may exist
in any application, or in DECKBUILD itself. Use paste, for example, to paste in lines from another
input deck that might have been viewed using a text editor.

¢ init — If the selected text is a file, then the correct simulator is initialized with the file. Otherwise,
the selected line is used to initialize from history.

¢ pause/unpause — Pauses/Unpauses the simulator.

¢ clear — Unsets the current breakpoint.

¢ restart — Restarts the current simulator if it is not running.

¢ kill — Kills the running simulator.

3.4.3: Stepping Through and Running the Deck

You can execute one line at a time by pressing the next button. The current line is sent to the
simulator, and the text caret moves to the next line. Press next again to execute the next line.
Continue stepping lines through all or part of the deck.

Alternately, run the whole deck by pressing run. The deck is executed from the first line to the last.
Press cont to continue onwards from the current line all the way to the end of the deck. Both run and
cont stop at the breakpoint if one is set.

You can stop the execution at any point by pressing the now option on the stop menu. This does not
quit the simulator, but halts the execution after completing the current command, along with
associated history file save if appropriate.

3.4.4: Setting and Clearing Breakpoints

If you want to run the input deck only up to a certain line, set a breakpoint on that line. DECKBUILD
runs up to, but not including, the breakpoint. Set the breakpoint by selecting (highlighting) all or any
part of the desired line, then click on the at line option on the stop menu. The breakpoint is displayed
as Stop on the right side of the execution panel.

Clear the breakpoint by clicking on the clear button.

If multiple breakpoints are required in a deck, the use of the Monitor Strings option stops the
execution at locations marked by selected comments. For example, if the comment # st op her e were
entered at different positions in an input deck and this string was then added to the enabled Monitor
Strings list, the simulation would stop at each location with a message.

3.4.5: Setting the Current Line

As already mentioned, the current line is automatically maintained as the deck is stepped through and
run. DECKBUILD places the text caret on the current line each time the line is reset. You can set the
current line anywhere by selecting (highlighting) any part of the desired line and clicking on the line
button. The Line display is then updated to reflect the change.
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3.4.6: Pausing, Stopping, and Restarting the Simulator

Click on the quit button to send a quit command down to the simulator. If there are no buffered
commands, the quit is executed immediately, and the simulator exits. DECKBUILD knows when the
simulation will end and will print out the following message to the tty subwindow.

***END***

In this case, you may want to use kill, which kills the simulator immediately, or the stop now button
to stop the execution after the current command. The stop now function does not kill the simulator so
you can continue by using the cont button.

To restart the simulator, click on restart. The current simulator is then started. To start a different
simulator, choose the new simulator as described under Main Control. The Set Current Simulator
button on the Control Pad always starts the current simulator if the Exec Simulator option is set.

You can also pause the simulation. Pausing is equivalent to typing a control-Z in the C-Shell: the
simulation immediately relinquishes its use of the CPU and stops. Unpausing the simulator causes it
to continue from exactly where it left off, and is equivalent to bringing a paused job back to the
foreground in C-Shell.

Pausing is frequently used to free up some CPU cycles for some other temporary task. When the task
is finished, the simulation can be unpaused. Pause the simulator by clicking on pause. The button’s
title changes to unpause. Click on the button once again to unpause the simulator.

3.4.7: Initializing the Simulator

DECKBUILD provides a shortcut to initialize the simulator. Select the name of a structure file to
initialize and press init. DECKBUILD takes the selected text as a filename, figures out which simulator
the file came from, starts that simulator, and executes the proper | Nl TI ALI ZE statement.

For example, if you were running a ATHENA simulation and saved the structure file ATHENA. st r, you
can restart ATHENA (if it’s not already running) and initialize it with that structure by selecting the
text ATHENA. str anywhere on the screen and clicking on init. DECKBUILD then automatically starts
ATHENA and executes the statement | NI T | NFI LEEATHENA. str. Note that the file may exist in
another directory. If so, it’s necessary to form the file name properly. If ATHENA. st r is in / usr/j doe/
an and running DECKBUILD from / usr, select the file name / usr/j doe/ an/ ATHENA.st r or j doe/ an/
ATHENA. str.

Note: Using the init button while selecting a line in the deck, instead of a structure file, will result in initialization from history
files, assuming history files are present for the selected line.
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3.5: Commands

The primary means of accessing popups that are used to write the input deck is the Commands
menu. Typically, each item on the menu is associated with a popup window that contains controls used
to specify an input deck command. For instance, invoking Implant... under ATHENA causes the
ATHENA Implant popup to appear.

There are different Commands menu for each simulator. The menu always reflects the current
simulator shown in the lower right-hand corner of the main frame. Changing the current simulator
will cause a different menu to appear as described in the Section 3.2: “DeckBuild Controls”.

3.5.1: Deck Writing Paradigm

In general, DECKBUILD uses one of two ways to write an input deck: either all at once or line-by-line.
DECKBUILD uses each as appropriate. Process simulation, for example, is an inherently sequential
operation. The same basic commands (i npl ant, di f f use, et ch, and deposi t ) are used over and over
again. SSUPREM3 and ATHENA are good examples of how this paradigm works, because each popup
has a button used to just write the syntax for that popup/command.

3.5.2: Parsing the Deck

DECKBUILD has a built-in feature that allows parsing any part of a deck to automatically configure the
appropriate popup(s). For example, to repeat a previous i npl ant process command with some minor
changes, parse the i npl ant statement. To do this, reset the controls of interest on the Implant popup,
place the text caret in the proper location, and press the WRITE button. To parse any fragment of
text, highlight the text and select Commands—Parse Deck.... DECKBUILD scans the highlighted text,
determines the proper popups to change, resets the settings of all parameters specified in the
highlighted text, and makes the popup(s) visible.

A Few Points to Observe

¢ Parse Deck does not change the settings of parameters that are not specified. If parsing the line
implant boron, the values of energy and dose, for example, will not be altered from whatever previous
value they had on the popup.

¢ Parse Deck parses any highlighted text whether it is in DECKBUILD’S own text subwindow or in a
separate program. If in DECKBUILD’s text subwindow (the usual case), DECKBUILD automatically
extends the selection of a partial line to cover a full line.

¢ Highlight as much text, covering as many command statements, as desired. DECKBUILD configures
and brings up all appropriate popups for the current simulator. If you highlight more than one of the
same statement, the last has priority.

¢ DECKBUILD ignores all text that it does not understand.
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3.5.3: Process Simulators

Figure 3-12 shows the Commands menu for a process simulator (ATHENA).

=] Deckbuild ¥3.8 Release — (NONE), dir; /main/mrhappy/marting
{(File w) (View v) (Edit w) (Find v) (Main Control v) (Commands v) { Tecls v)

© ATHENA N1
" E3

Mesh Define.. q

Adaptive meshing.. hd

Mesh Initialize.,

Process & Process

Structure Implant..

File 1/0.. Diffuse..

Deposit =

Notes.. Etch [

Models.. Polish

Temnplates.. Photo @

Extract.. Epitaxy...

Parse Deck T

—

( next ) ( line ) ( stop v) ( cont )( run ) ( quit ) Line: 1
(Cpaste ) {init O ( pause ) clear ) restart ) { kil ) Stop: None

=

:

=

L ATHENA N

Figure 3-12: Command Menu of ATHENA
Writing a Process Input Deck

Since process fabrication is itself an inherently sequential operation, simply choose the command of
interest from the Commands menu. A corresponding popup appears that has controls laid out to
represent the variable parameters available for the command. For example, Figure 3-13 shows the
ATHENA Diffusion popup.
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—H Deckbuild: ATHENA Diffuse

Display: |TimefTemp | |P.mhient| | Impurities | | Models | settings

Time/temperature:

Time {(minutes): 30, 0 & ——— 500
Temperature (C): 1000 200 (— 1300

Temp:

Constant

Fud tpmperatare {0

Ramped

Tamperatura rate {Fmind fata:

Ambient:

Ambient: | Dry 02 | Wet 02 | Nitrogen | Gas Flow |
Gas pressure {(atm): 1.00 0,00 - (.00

HOL %

Comment:

{WRITE) ( Properties v )

Figure 3-13: ATHENA Diffusion Popup
Selecting the Categories

Some popups, such as Figure 3-13, contain a non-exclusive Display setting at the top of the popup in
an attempt to conserve valuable screen space. Click SELECT in the boxes to display/undisplay the
setting of interest. When enabling a setting such as Impurities, the entire popup grows vertically to
hold the new section. The popup shrinks again when the setting is disabled. Select as many or as few
boxes as needed.

Writing the Text

When all of the controls have been adjusted to reflect the process step to be performed, click the
WRITE button. A line (or sometimes lines) of text is written to the deck at the location of the text
caret. If desired, verify the caret’s location before clicking WRITE, although DECKBUILD automatically
detects if the caret is in the middle of a line and moves it if necessary. For more information, see
Section 3.3: “Main Control”.

Build the entire process deck by invoking the popups as needed from the Commands menu, setting
the controls, and writing the deck a popup at a time. You can also parse the deck. That is, read a line or
lines of syntax from the deck and automatically configure the correct popup(s). For more information,
see Section 3.5.2: “Parsing the Deck”.

3.5.4: Clever

DECKBUILD also provides a set of command popups for CLEVER and EXACT products. For more
information, see the CLEVER or EXACT USER’S MANUALS.
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3.6: Tools

DECKBUILD’s Tools menu provides the interface to other VWF INTERACTIVE TOOLS: TONYPLOT, MASKVIEWS,
and MANAGER (Figure 3-14). In addition, there is a general Text Editor for viewing other files such as
external simulation decks executed by a source statement (see Section 4.12: “SOURCE?”) from within
the current deck.

?-E“] Deckbuild ¥3.105 A — (NONE), dir; /main/mrhap py/marting/work/test/deckbuild
(File vy (view v) (Edit v) (Find v) (Main Control w) { Commands w) &

[ Plot I
MaskViews
Text Editaor...
Manager...

&

—

{next ) (line ) (stop w) { cont ) run 3y ( guit ) Line: 1
{paste ) (init 3 Cpause ) (clear ) restart ) (kill ) Stop: Nene

—

L FASTATLAS

Figure 3-14: The Tools Menu
3.6.1: Starting TonyPlot

Plot simulation results from DECKBUILD by choosing the Plot structure... choice in the Plot pull-right
menu. DECKBUILD allows either plotting the current structure or any specified structure. The following
rules are:

¢ If there is text selected (highlighted) anywhere on the screen, DECKBUILD takes the text as the name
of a file to plot. DECKBUILD starts up TONYPLOT on the named file.

¢ DECKBUILD automatically determines if the selected file is 3D and starts up ToNYPLOT3D if
appropriate.

¢ If no text is selected and a simulator is running, DECKBUILD causes the simulator to save its
simulation data, then starts TONYPLOT on that data. This does not disrupt any lines from the input
deck waiting to be executed by the simulator. For CLEVER, which saves a structure, log file and a
layout, two TONYPLOTS and a MASKVIEWS are invoked. Optionally, choose a set file by activating the
Set files... choice.
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Note: The set file is used to record a given plot's layout, such as scaling, zoom, number, and type of plots shown. After a set
file is created, it can be used to re-create the same layout when using the same or any other plot data, and often useful
for comparing the results of different simulation runs.

The Plotter Set Files popup appears (Figure 3-15). This contains a scrolling list of set files in the
current directory, and a text field used to search for set files. Adjust the directory name and directory
filter if necessary. Click SELECT over the name of the desired set file in the scrolling list. If none are
desired, ensure that no entries are selected (de-select a selected list entry by clicking SELECT on it
again). If an entry is selected, it is used as the set file on subsequent plots.

@ Plotter Set Files

Directory /ymp_mnt/mainfweston/martings  [»]

Filter *:et

[opter02 set |
mosZ2ex0B_0.set

(L1210

Filename optex02.set

Figure 3-15: Plotter Set Files Popup

Since Plot structure... is the default Tools menu item, simply click SELECT on Tools to activate it.
This is easier than descending through two levels of menus. Also see Plot structure under Options
on the Main Control popup to determine when interactive plots will be made if many lines from the
input deck are waiting to be simulated. An option to plot can be set immediately, or at the end of the
simulation. The default is immediate.

3.6.2: Starting Maskviews

DECKBUILD allows you to bring up MAsSKVIEWS with an optional layout file. To choose the layout file,
select Start MaskViews... from the MASKVIEWS pull-right menu. The MaskViEws Layout Files popup
appears (Figure 3-16). This contains a scrolling list of layout files in the current directory and text
fields to search for layout files. Find and select the layout file of choice, then click on the Start
MaskViews button on the popup (Figure 3-17). After a few moments, MASKVIEWS appears with the
specified layout file loaded. If you did not choose a layout file, MASKVIEWS starts with no layout file
loaded.
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© MaskViews Layout Files

Directory /trmp_mntiwriter/hankim,

Filter *lay

[mvanex01.lay |
myanex02, lay

1 ENINEY |

Filename mvanex(1.lay

{(Start MaskViews ) (Refresh)

Figure 3-16: MaskViews Layout Files Popup
Loading a Cutline

There are two ways to load a MASKVIEWS cutline from the MaskViews Cut Files popup and an
alternative method at run time in the simulation deck. To load from the popup, select
Tools—>MaskViews—Cut files... and either save a file from MaASKVIEWS and load it into DECKBUILD, or
by use the drag-and-drop to drag the cutline directly from the MASKVIEWS previewer. At runtime, you
can load a cutline file from the “go si nul at or ” line.

To load a cutline file using the popup:

1. Create and save a cutline file from MASKVIEWS. See the MASKVIEW USER'S MANUAL for more
information on how to do this. Typically, the first time through MaskViEws would be started from
DECKBUILD, create or load a layout, then interactively create a cutline and save it to a file. For later
use, you can go straight to step 2.

2. Bring up the MaskViews Cut Files popup (Figure 3-17) and set Category to Disk Files, the
default. Choose the cutline file name in the scrolling list. If the file name does not appear, you may
need to change the directory and filter on the popup. Click on Refresh to refresh the contents of the
scrolling list if a new file were just created. You can also enter the name of the file next to Filename
and click on Load.

] MaskViews Cut Files

Category: (%] Disk Files

Directory /tmp_mnt/main/weston/marting,

Filter *sec*

[defaultsec |
nmos.sec

| CINEY |

Filename defaultsec

(Lead) (Clear) ( Refresh)

No cutline loaded

Figure 3-17: MaskViews Cuts Files - Disk Files Category
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To load a cutline file via drag-and-drop:

1. Create a cutline file from MASKVIEWS. After either writing or previewing the mask, the cutline masks
will be shown on the 2D masks cutline viewer popup.

2. Bring up the MaskViews Cut Files popup (Figure 3-18) in DECKBUILD and set Category to Drag
& Drop. Both this popup and the cutline viewer popup from MASKVIEWS must be visible on your
screen.

3. Click and hold the SELECT menu button anywhere over the colored masks on the cutline viewer
popup in MASKVIEWS. Still holding down SELECT, drag the mouse cursor into the large white area in
the Cut Files popup in DECKBUILD. While dragging, the mouse cursor changes into a special cutline
cursor to confirm the process of dragging a cutline. With the cursor over the Cut Files popup, release
SELECT. The cutline information “drops” onto the popup.

4. To load the dropped cutline, click SELECT once on the cutline icon and click on Load. Selected
icons are shown surrounded by a square box.

© Mas kViews Cut Files

Category: Drag & Drop

® @

nmos.sec pmos.sec

(load) {Clear) ( Delete)

No cutline loaded

Figure 3-18: MaskViews Cut Files - Drag and Drop Category
To load a cutline from the input deck:

1. Create and save a MASKVIEWS file as specified in step 1 for loading a cutline disk file using the popup.

2. Use the syntax “cut | i ne=fil enane” in the “go si rmul at or” line to load the previously saved file.
The following line loads a cutline stored in the file / def aul t . sec and starts ATHENA.

go athena cutline="/usr/jdoel/default.sec"

It is possible to drag and drop up to 16 different cutlines this way (that’s all there is room for in the
icon drop area). You do not need to save the cutlines to a file to use drag-and-drop. But if the same
cutline is to be used again in the future, then it needs to be saved. Save cutlines from MASKVIEWS by
clicking on Write on its popup (Figure 3-19). Either method of loading a cutline loads the mask
information into DECKBUILD, and causes the mask names to appear in the SSUPREM3 and ATHENA
Mask popups (Figure 3-22).

Note: You can clear the currently loaded cutline by either selecting the clear button in the MaskViews Cut Files popup or by
using the “ cut | i ne=none” syntaxinthe “go si mul at or” line.
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3.6.3: Starting Text Editor

Use the Text Editor... choice to startup the general Text Editor application with the file currently
highlighted within the deck. The Editor is only invoked if a valid filename is provided. Otherwise, an
error is displayed.

3.6.4: Starting Manager

Use the Manager... choice to start up the VWF INTERACTIVE TOOLS MANAGER. The menu item is placed
here as a convenience feature.

9] MaskViews Cut Files 2D masks from 2.3,12.1 to 4.8,12.2

Category: Drag & Drop

@

cut., 4

bo 185 150

Figure 3-19: Drag and Drop from MaskViews
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3.7: History
3.7.1: Overview

The History function allows moving backwards to any previous line in the input deck and restart
execution. It is especially useful when debugging new decks, performing “what if” simulations, and in
visualizing the device at different stages in the process flow.

DECKBUILD maintains a set of history files saved from the simulator as the simulation progresses. This
permits going back to any previous step in the process by simply clicking on a line in the input deck.
DECKBUILD automatically re-initializes the simulator with the correct history file.

3.7.2: History Control

You can configure how and if DECKBUILD maintains history files with the History popup. Click the
History Props... button from the Control Pad category on the Main Control popup and the History
popup appears (see Figure 3-20).

& History

Length: 25 1 ——————— 100

skip: 1 1 [— 10
(" Init from Histery 3 (Clear)
Save as defaults
lines: 0

Figure 3-20: The History Popup

The History setting turns the entire mechanism on or off. If enabled, DECKBUILD saves history files
after each significant simulation step. If disabled, history files are not saved and the simulation runs a
little faster. History can be turned on and off as the simulation progresses. DECKBUILD allows re-
initializing from any part of the deck that was run while history was enabled. History is enabled by
default.

Length determines how many trailing process flow steps to remember (how many history files to
maintain). The default is 25, although up to 100 steps may be saved. When the limit is reached,
DECKBUILD starts re-using the old history files in a loop.

Skip determines how often history files are saved. The default value of 1 indicates that every
significant process step causes a history file to be saved. A value of 2 indicates every other step, and so
on. Significant process steps are implant, diffuse, etch, deposit, initialize/load, profile, and certain
other statements. Comments, plot statements, blank lines, and certain other details are ignored.
History files are not saved during device simulation.

Path, if activated, specifies the directory that the saved history files are saved in. This may be useful if
large structures are being simulated and disk space for the current working directory is not abundant.

Note: If a simulation is executed with history and the path then altered, history initialization for the previous simulation fails.

Compress is switched off, by default, but when on all history files are compressed and appears in the
form hi st or y9%46 st r. gz. These files are automatically decompressed for initialization from history or
loading into ToNYPLOT. This function may be useful when simulating large or complex structures.

Clicking Save as defaults saves the current settings for use the next time DECKBUILD is run.
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Initializing From History

After running part, or all the way through the deck with history enabled, the simulator can be re-
initialized in the state it was in at some previous point in the deck. Re-initialize by selecting
(highlighting) the line of interest, then clicking on the Init button on the Execution Control panel on
the main window between the text and tty subwindows. For backwards compatibility, the Init from
History button on the Main Control popup also provides this feature.

Note: This overloads the functionality of the Init button: if you select a filename which exists in the current directory instead,
DeckBuild causes the simulator to load that file).

DECKBUILD also resets the current line to the selected line.

DECKBUILD may not have any history attached to the selected line if a comment line has been selected
or skipped. DECKBUILD displays a notice prompt and suggest a previous point in the input deck by
highlighting it. If selecting a line that is so far back in the deck that DECKBUILD no longer maintains
relevant history, a notice prompt appears to inform you of the condition. Use a line closer to the current
position or increase the history length.

When re-initializing from history, any “go si rmul at or ” flags (see the Sections 3.8: “Auto Interfacing”
and 4.6: “GO”) specified on the go statement associated with the selected line are also re-initialized.
For example, if a MaskViEws cutline file had previously been loaded using the syntax
cutl i ne=fil enane, then the specified file would be reloaded into DECKBUILD.

Removing History Files

Since history files can take up a fair amount of storage space, DECKBUILD provides two ways to remove
them. First is to delete them at any time during the run by clicking on Clear in the History popup.
Second, let them be removed when DECKBUILD is quit.

DECKBUILD is configured by default to remove history files at quit time, and displays a notice prompt to
confirm their deletion. Change the default by changing the Remove history files setting on the
Options category of the Main Control popup. The choices are to remove history files, confirm their
deletion, or not to remove them at all.

In any case, history files are always saved in and removed from the current directory.
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3.8: Auto Interfacing

Auto interfacing is the term used to describe DECKBUILD’s capability of automatically transferring
simulation data between different simulators. Simulation of a device may proceed transparently from
SSUPREMS (1D process), through ATHENA (2D process), and finally to ATLAS (2D device). The thread
of control can be transferred to any simulator under DECKBUILD, including DEVEDIT for interactive
mesh adaptation. Auto Interfacing enhances the power of simulation by allowing concentration on
which simulator is best for the job, rather than on how to get one simulator to talk to another.
SILVACO standards of simulator commonality is based on products that use a common data format.

3.8.1: Scenario

A typical simulation flow is shown in Figure 3-21.

s3 h
ATHENA - S4
A
(") ATHENA - EL PROCESS
SIMULATION
SEQUENCE
ATHENA - S4
? ATHENA - EL
Q ATHENA -S4

DEVICE
‘ AT AT AT AT AT AT SIMULATION
O TESTS

Figure 3-21: The History Popup

The 2D simulation starts with a 1D process simulator (SSUPREMS), since the initial processing of the
device is entirely planar. For example, the initial well processing of a MOS device can be considered in
1D until the gate poly is etched. At the point when 2D is first required, an aut o i nt er f ace statement
is placed in the deck, followed by 2D mesh definition and mesh initialization commands. At run time,
DECKBUILD automatically transfers the 1D data from SSUPREMS onto the 2D ATHENA mesh.

Alternately, the auto mode of ATHENA can be used. This mode automatically performs a 1D simulation
in ATHENA until any statement requiring 2D is encountered (such as an etch left/right). ATHENA then
transfers automatically into 2D mode for the remainder of the simulation. You benefit from applying
the same models and syntax throughout the process simulation. The choice of SSUPREM3 or 1D
ATHENA depends on which simulator is preferred, or for which special models have developed.

Once in ATHENA, you can continue process simulation and interface to other 2D simulators as well. It
is also possible to interface to DEVEDIT at any time to adaptively remesh the device in preparation for
device simulation.

Finally, a number of ATLAS device tests are shown at the end of the process sequence. Unlike the
process sequence, where each section acts as a link in the chain of processing, the device tests each act
on the final process structure. Append as many device tests as needed to the end of a process
simulation and each will use the same final process structure as input.
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The Active Structure

This final structure at the end of process simulation is called the active structure. DECKBUILD saves
and remembers the active structure whenever auto interfacing is performed from a process simulator
to any other simulator. Device tests always use the active structure unless explicitly initialized
otherwise.

The current active structure is always shown on the left footer of the Main Control popup.
The Auto Interface Statement

The place in the input deck where auto interfacing should occur is marked by inserting an aut o
i nt er f ace statement. The statement looks like

go si mul at or

where sinul at or is any valid simulator name. Consider the following input deck fragment that
interfaces from SSUPREMS3 to ATHENA:

G0 SSUPREMB

#

INIT SILI CON TH CK=1.2 SPACE=500 BCRON CONC=1E14
#

D FFUSE TEMP=100 TI ME=20 VEETC2

#

| MPLANT PHOSPHORUS DOSE=1E13 ENERGY=40 PEARSON
#

GO ATHENA

#

LINE Y LOC=0. 0 SPAC=0. 2 TAG-TCP

LI NE Y LOC=0. 50 SPAC=0. 10

LINE Y LOC=1. 00 SPAC=0. 15 TAG=BOITOM

#

LI NE X LOC=0. 00 SPAC=0.10 TAG=LEFT

LINE X LOC=1. 00 SPAC=0.10 TAG=RI GHT

#

INIT ORI ENTATI ON=100 AUTO

#

ETCH OXI DE R GHT P1. X=0. 2

Here, an oxide in 1D is grown using SSUPREM3 and transfers control to ATHENA to perform the 2D
etch. At run time, the 1D doping profile is automatically transferred from SSUPREMS3 onto the 2D
ATHENA mesh, and oxide deposited on top. The oxide profile is transferred.

Probably the best way to create an auto interface statement is to have DECKBUILD create it
automatically. This is done by placing the text caret in the text subwindow at the point desired to
insert the statement. Then, enable the Write to Deck choice on the Control Pad and click on Select
Current Simulator to write the aut o i nt er f ace statement. Usually, the most convenient time to do
this is when finished writing statements for one simulator and beginning to write statements for the
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next. DECKBUILD does not only insert the aut o i nt er f ace statements but also brings up the proper
Commands menu for the new simulator.

How Auto Interface Works

When DECKBUILD gets a request to perform an auto interface (from an aut o i nt er f ace statement in
the input deck or through the Control Pad), it evaluates whether an interface is appropriate: 1D to
2D process is legal, but 2D to 1D process is not. If an interface is appropriate, then DECKBUILD also
checks to see if the current simulator has been initialized or not. For example, if ATHENA has not yet
executed an initialize statement, it doesn’t have any simulation results to pass on to the next
simulator. Finally, if both these conditions are satisfied, then DECKBUILD causes the current simulator
to save its simulation data, shut down the current simulator, starts up the new simulator, and
initializes the new simulator with the saved data. If either condition is not satisfied, then DECKBUILD
honors the request to start up the new simulator, but does not attempt to initialize it with saved
simulation data. The latter is appropriate when moving backwards in an input deck, and for quick
“look and see” experiments with another simulator.

You can also alter the default input and output flags using the go si mul at or interface statement. For
example, the default | oad statement for DEVEDIT includes the mesh flag. Using the following syntax,
the mesh can be loaded on auto interface:

go devedit inflags = “mesh”

Simulator flags can be appended to the existing default flags and MASKVIEWS cutlines can also be
loaded automatically in the deck using the simflags and cutline arguments respectively. For more
information and examples, see Section 4.6: “GO”.
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3.9: IC Layout Interface

The IC Layout Interface (MASKVIEWS) allows the building of a deck that can be used to run a cross-
section from any region on the layout. Such a deck is called a generic deck. A generic deck is always
used in conjunction with the IC Layout Interface, which consists of loading cutline information into
DECkKBUILD. The cutline information contains location-specific masking information from a 1D or 2D
cutline across the surface of the layout, taken from MASKVIEWS.

To use the IC Layout Interface, create a layout and a corresponding generic deck. The generic deck
uses mask information defined on the layout and is identical in nature to the “run sheet” used in the
fab. Unlike the typical process simulation input deck, it defines the order of process steps and
interweaves the mask steps.

When the generic deck is complete, choose a one or two-dimensional cross-section in MASKVIEWS over
the layout. This cross-section is known as a cutline. Load the cutline into DECKBUILD and click on the
Run button. DECKBUILD automatically uses the cutline information to substitute mask, mesh, region,
and electrode information at run time.

For information on how to start MASKVIEWS and load cutlines, see Section 3.6: “Tools”. For information
on how to create a layout, see the MASKVIEWS USER’S MANUAL.

3.9.1: Creating a Generic Deck

Generic decks have no geometry information, use masks, optionally use regions and electrodes, and
have no horizontal grid information for 2D mesh generation. All of this information is quite specific to
the cross-section that has been chosen through the layout and is contained in the cutline file. The
horizontal grid information is calculated by MASKVIEWS so that a line with a user-specified grid spacing
is placed at each mask edge and is substituted by DECKBUILD at run time.

Mask Statements

The best place to start writing a generic deck is with mask definitions. The first step is to initialize the
Mask popup with the correct mask names to write the deck properly. To do this, invoke MASKVIEWS
from DECKBUILD using the Tools menu, then create or load the layout. Create a cross-section and store
it to a cutline file, then load that file into DECKBUILD as shown in Section 3.6: “Tools”.

At this point, the Mask popup (Figure 3-22) should display all the masks in a scrolling list. Pinning
the popup keeps it from disappearing each time a mask is written to the deck.

&« Deckbuild: ATHENA Mask
Edit layer
| m—
well = Label: POLY
aaD Name:
-
VIA1
[POLY| (Insert layer v)
RES | |
4 (m Reverse Mask: []
Bias: 0.00  -5.00 (—— 5.00
Misalign: 0.00  -5.00  ——5.00
Dela CD: 0.00  —5.00 (—— 5.00
Shrink: 0.00 500  —— s5.00
Comment: Defining POLY mask,
{Apply mask) {Strip mask)

Figure 3-22: The Mask Popup
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Write the deck as much as it the process flow appears in the fab. Use masks to structure the deck so
that it is capable of producing any device on the layout. Insert mask statements by selecting the
desired mask on the scrolling list, then clicking on WRITE.

At runtime, the mask statements are substituted with either deposit or et ch or both statements or
Optolith layout statements when the opt ol i t h flag is used with the nask command

MaskVIEWS allows the definition of either barrier or photoresist as the masking material. Barrier is a
fictitious material that behaves like a perfect photoresist and can be deposited in very thin layers
(about 0.02 microns) to save grid points. Barrier is recommended in all situations except when
photoresist penetration studies are required.

3.9.2: Regions

You can also define regions in MASKVIEWS. Regions are boolean combinations of masks that uniquely
define an area on the layout. Regions are used in ext r act statements in place of X. VAL to define the x-
location where the desired quantity is to be extracted. For example, a layout for a MOS inverter that
contains n- and p-type devices may have WELL, AAD, and POLY masks. To measure the gate oxide
thickness in both types of devices, one approach might be to define a region GATE in MASKVIEWS where
VEELL is “don’t care”, AADis “true”, and PQLY is “true”. All other masks would be “don’t care”. Then, use
this region in an extract statement:

extract oxide thickness regi on="CGATE"
rather than:
extract oxide thickness x.val =1.0
Electrodes

Electrode positioning is the last remaining area of the deck that requires layout-specific values. In
non-generic decks, an el ect r ode statement in ATHENA requires both a specific x-location value and a
name for that electrode. For example:

el ectrode nane="gate" x.val=1.0

A generic deck can obviously assume neither the x-location of an electrode, its name, nor even how
many electrodes there are. The aut oel ect r ode statement provides the solution to automatically place
and name electrodes.

Use MASKVIEWS to define which masks are electrode masks and the corresponding electrode names.
Electrode masks are those masks that are used for defining one or more electrodes. For instance, the
POLY mask for a MOS device is an electrode mask because it forms the gate contact. Along with the
electrode attribute, MASKVIEWS allows the specifying of an electrode name for a mask (or part of a
mask) as well. Electrode names and masks should be specified in MASKVIEWS before generating a
cutline file in MASKVIEWS.

To use the electrode masks, enter the aut oel ect rode statement in the input deck directly after
contact definition using the mask of interest. Autoelectrode takes no parameters or arguments. It
works by inserting el ect r ode statement(s) at run time using information corresponding to the last
electrode mask. If the same mask is used to define more than one contact, use MASKVIEWS to assign a
separate name for each section of the mask. DECKBUILD substitutes a separate el ect r ode statement
for each contact. Thus, a single autoelectrode can generate multiple el ect r ode statements.

Figure 3-23 shows the use of autoelectrode in a generic deck. Notice that DECKBUILD automatically
comments out the mask and aut ol ectr ode statements from the deck as they are executed by the
simulator. The comments only appear in the run-time output; the deck itself is not changed.
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Note: DeCKBUILD only remembers the electrodes specified within each mask. Therefore, an aut oel ect r ode statement
must be used for every mask layer where electrodes are defined. This defines multiple electrodes for a single
aut oel ect r ode statement within the current mask. In other words, both the source and drain of a MOS transistor
could be located on the same metal level.

r‘@ Deckbuild ¥3.3 - /tmp_mnt/writer/hankm/mvanex02.in, dir; .f’tmp_mnt.f'\-urriteI'r'ha\l-L

(File w) (View w) (Edit v) (Find v} (Main Control v} ( Commands v} ( Tools v)

go athena

#

region silicon wlo=left shi=right vlo=top vhi=bottom
init arsenic conc=2.0e16 orientation=100 space.mul=1
implant  boron energy=18 dose=2.5e13

diffuse time=60 temp=320

# deposit polysilicon
deposit poly thick=0.3 divisions=6 min.space=0.05

# Implant to dope polysilicon
implant arsenic dose=7.5e15 energy=50

# Pattern the poly and name the electrode...
la="POLY"

e T
vtch poly dry thick=0.4

strip

—

Cnext ) (line ) (stopat ) (Ccont ) run 3 (quit ) Line: B
{paste ) (init 3 (pause ) ( clear )(restart ) ( kill ) Stop: None

ATHEMA>

ATHENA> # Implant to dope polysilicon

ATHEMA> implant arsenic dose=7.5e15 energy=50
ATHEMA>

ATHEMA> # Pattern the poly and name the electrode...
ATHENA> ## mask name="POLY"

ATHENA> depo barrier thick=0.10

ATHEMA> etch barrier start x=-0.100 y=-20
ATHENA> etch cont x=-0.100 y=20

ATHENA> etch cont x=0.801 y=20

ATHENA> etch done x=0.801 y=-20

ATHENA> etch barrier start w=1.801 y=-20

ATHENA> etch cont x=1.801 y=20
ATHFMAY atrbh Font w=2 EN? u=2N

Figure 3-23: DeckBuild Main Window

—

If structure files are saved after masking and electrode steps, they must be saved after the
aut oel ectrode statement, and not in between the mask statement and the aut oel ectrode
statement. Otherwise, the structure file does not contain the electrode information (which is inserted
by the aut oel ect r ode statement). In this case, the only way to add it would be to go through the
masking operation a second time as shown in the following example.

mask nane="PCOLY"

etch poly dry
strip

aut oel ectr ode

t hi ck=0. 4

struct outf="poly.str"

Do not do this:

mask nane="PCOLY"

etch poly dry
strip

t hi ck=0. 4

struct outf="poly.str"

aut oel ectr ode
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Enabling

Enable cutline substitution by setting Auto Maskviews to ON on the Main Control Options popup.
Substitution begins as soon as a cutline file is loaded from the MaskViews Cut Files popup. This
popup can be accessed from the Tools menu. See Section 3.6: “Tools” for information on loading a
cutline.

Disable substitution by turning Auto MaskViews to OFF. No substitution occurs even if a cutline file
is loaded.

Cutlines can also be loaded and cleared from DECKBUILD at runtime using the go simul ator
cutline=fil enane syntax. DECKBUILD loads the MASKVIEWS cutline from the current working
directory if you do not specify path. DECKBUILD clears an existing cutline if you specify cut | i ne=none.

3.9.3: Rules of Thumb

To make sure that your deck is indeed generic, obey the following rules:
1. et ch statements are either
etch dry material thickness val ue
or
etch material all
2. Do not use
etch left material pl.x=val ue

3. Do not include horizontal mesh information for 2D process simulators. The mesh information is
substituted automatically at run time.

4. Use mask statements where photoresist is required:
mask name="PWELL"

or
mask name="AAD' reverse

5. Beware of wedges. As in real experiments, wedges, fillets, and spacers may appear if anisotropic
(dry) etches are not used carefully.

6. Use region in extr act statements rather than x values.
extract oxide thickness regi on="GATE"

7. Use aut oel ect r ode statements rather than el ect r ode statement
3.9.4: Mask Bias, Misalignment, and Delta CD

Mask, bias, misalignment, and delta CD information can be entered in the mask statement to study
these effects, either standalone or as experimental variables in the VWF environment.

Bias, misalignment, and delta CD can be studied together or independently. Misalignment shifts the
entire specified mask left (negative numbers) or right. Bias and delta cd increase or decrease the width
of the mask (for positive masks, a positive bias/delta cd will decrease the width of the etched hole(s) in
the mask).

A value of 0 for any parameter is equivalent to not specifying that parameter. The values have units of
microns.

The syntax is:
nmask nanme="<regi on_nane>" [bi as=<val ue>]/

[ m sal i gn=<val ue>] [delta cd=<val ue>]
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3.9.5: Using DevEdit with IC Layout

DEVEDIT can use mask region information when running under DECKBUILD to place mesh constraints in
areas specified by MASKVIEWS regions. An example would be to place a finer mesh in the region under
the gate of a MOS device. This can be specified from the Mesh Constraints popup of DECKBUILD. The
resulting syntax is:

constrain. mesh under. mask="r egi onnane" ot her paraneters...

Note: under . mask is a misnomer. The specified area is a MASKVIEWS region, which is a boolean combination of perhaps
several masks, so the region may not be wholly under or composed of a single mask. It is really under a region, not a
mask. To eliminate confusion with DEVEDIT material regions, use the parameter under . mask.
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3.10: UTMOST Interface

The UTMOST interface allows SILVACO’s parameter extraction package UTMOST III to load in data
from one of more device simulation runs and perform SPICE model parameter extraction. With the
VWEF, in particular, this allows you to generate response surfaces that model SPICE parameters as a
function of process variations, including study of failure analysis, process synthesis, yield analysis, and
with the SPAYN interface, worst case modeling.

3.10.1: Setting Up An UTMOST Input Deck

Although UTMOST normally runs as an interactive X-based program, you can run without its
graphical interface and read commands from an interactive prompt when run under DECKBUILD like
the other simulation tools.

UTMOST Input Deck Example
HRHHHHHH T START UTMOST S| MULATI ON ######HHHHH#IHE
go ut nost
utnost type = nos
#
| oad Wt nost nodel filenobdel bsinB _pnos
#
set value for TOX
set tox_in_m= $tox*1.Oe-10
device TOX = $tox_in_m
#
defi ne devi ce specifications
setup width = 1.0 length = 0.6 polarity =P
#
load Atlas log files
init inf=1dVg-Vb.log naster
init inf=1dVvd-Vg.log naster append
#
sel ect required characteristics for device
deselect ID/VG VB all
select | DVG VB device 1
desel ect I D/ VD VG al |
select | DVD VG device 1

log outf = nos.log utnost

#

perform sinul ati on
fit 1DVGVB

fit 1D VD VG
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rHHHHAARAE EXTRACT UTMOST PARAMVETERS ###H#H#HHHHHHHHAH

extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract
extract

extract

quit

nanme="P- VTHO" paran¥"VTHO"
nanme="P-K1" paran¥"K1"
nanme="P- K2" paran¥"K2"
nanme="P- K3" paran¥"K3"
nanme="P-\W" paran¥"\W"
name="P- NLX" par an¥"NLX"
nanme="P- DVT0" par an¥"DVTO"
nanme="P- DVT1" paran¥"DVT1"
name="P- UA" paran¥" UA"
nanme="P-UB" paran¥"UB"
nanme="P-UC' paran¥"UC'
nanme="P- VSAT" paran¥" VSAT"
nanme="P- A" paran¥"A0"
nanme="P- A1" paran¥"Al"
nanme="P- A2" paran¥" A2"
nanme="P- RDSW par an¥" RDSW
nanme="P- VOFF" par an¥" VOFF"
nanme="P- NFACTOR' par an¥" NFACTCR'
nanme="P- PCLM' par an¥" PCLM
nanme="P- PDI BL1" paran+"PD BL1"
nanme="P- PDI BL2" par an+" PD BL2"
nanme="P- DROUT" par am=" DROUT"
nanme="P- PSCBE1" par an+" PSCBE1l"
nanme="P- PSCBE2" par an¥" PSCBE2"
name="P- TOX" paran¥" TOX"
nanme="P-XJ" paran¥"XJ"
nanme="P-U0" paran¥"U0"
nanme="P- ETA" paran¥"ETA"
name="P-1linm paranm="II|innf
name="P-1lins" paran="llins"
nane="P-|satm' paran="|satni

nane="P-|sats" paran="|sats"
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There are several points that must be followed to set up an input deck.

The first non-comment statement after the go ut nost command must be UTMOST TYPE=t ype where
t ype is either MOS, BIP, DIODE, GAAS, or JFET.

When the UTMOST statement is encountered, the correct UTMOST module is executed. If no UTMOST
statement is encountered, the MOS module is run by default.

Note: The UTMOST command (ut nost t ype=t ype) can be replaced by specifying the module type command line flag
in the go ut most as below. This will append the “ - bi p” flag to the default UTMOST argument and start the
correct module immediately. For example, go ut most si nf | ags="-bi p".

The next non-comment statement must be a nodel statement. The nodel statement gives the model
file name that UTMOST reads. The model file is assumed to exist in the $SI LVACQ var/ ut nost
directory. Therefore, the statement

MODEL BSI MB_PMOS
reads in the file $SI LVACQ var/ ut nost / bsi n8_pnos.

To create this model file, run a baseline device simulation, load its results (IV curves) into UTMOST
interactively, perform the necessary modeling to generate the desired parameters, then save the model
file from UTMOST. Once this has been done with a baseline device, the same model file can be used for
similar devices. For example, a large process variation experiment on a device in the VWF can use the
same model file for testing all variations.

Note: You need different model files for different devices. In other words, n versus p MOSFETSs.

Use the | N T command to explicitly load one or more simulated IV result files:
INIT I NF=fil ename MASTER append

The master flag tells UTMOST that the data is in master, or SSF, file format (the default output format
from ATLAS). Use the append flag for loading all but the first IV file, as shown above.

Note: Load the files explicitly. The auto-interface feature of DECKBUILD is not active in UTMOST mode, and does not load
them automatically.

Place extract statements at the end of the deck to extract the modeled SPICE parameters. The
format of the ext r act statement is:

extract nanme="name* paran=’ut nost _par amet er _namne*

where nane is any name of your choice, and ut most _par anet er_nane is the name if an UTMOST
parameter.

It is helpful to first run the deck without any extract statements, but with a save
outfil e=fil ename command. UTMOST always prints a list of all parameters it has modeled before it
saves the file. You can then copy and paste directly from this list into your ext ract statements. The
parameter names are case sensitive and the extract parameter name should match the UTMOST
parameter name exactly.
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Another noteworthy point in the example concerns the device TOX setting, which is taken as the value
of $t ox multiplied by a conversion factor. $t ox is an extracted value taken from a gate oxide thickness
measured in the ATHENA process simulation in the same input deck. $t ox is also used in a set
statement to convert its units from angstroms (always used by extract to measure material
thicknesses) to meters (used by UTMOST). The set statement performs the arithmetic, not in a
simulator statement. Finally, the value of the result is substituted in the device TOX command.

In the case of the VWF, the $t ox thickness is measured in an input deck fragment run separately from
the UTMOST input deck. The VWF remembers the value of $t ox (and all other extracted variables) and
passes it down to all other children fragments. Therefore, it can still be used at any later point in the
simulation thread.

In the VWF environment, the i nit i nfil e filenames are substituted with automatically-generated
filenames that contain all IV simulation data from all device simulations that feed into the UTMOST
test. See the VWF manual for more information on how to connect device tests to UTMOST tests. It is
important to note that the VWF substitutes all I-V data sets saved from all connected device tests (all
data that was saved with a ‘1 og outfil e’ command in the device tests). Unusual results may occur
in the case where many extraneous files have been saved in the device tests. In that case, remove the
extraneous | og out fi | e statements as necessary.

Runtime Output Example
UTMOST> #####H####H START UTMOST S| MULATI ON ########HH#
UTMOST> ut nost type = nos
UTMOSTIII
PARAMETEREXTRACTI ONSOFTWARE
Version: 10.04 (Batch-node)
Prelimnary Version
Copyright 1989, 1990, 1991, 1992, 1993, 1994
SI LVACO Dat a Systens

Al rights reserved

MOS Mbdul e: enabl ed

Bl P Modul e: di sabl ed

JFET Modul e: di sabl ed

D ode Modul e: di sabl ed

GAAS Modul e: di sabl ed

Fitting Routines : enabled
Local Optim zation : enabled
A obal Optimzation : enabled

Simul ation : enabl ed

Fri Jul 29 16:25:36 1994
Executing on host: elvis
UTMOST>
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UTMOST># | oad UTMOST nodel file
UTMOST>nodel bsi nB_pnos
SETUP FI LE LQADED. Version nunber: 66
UTMOST>
UTMOST># set val ue for TOX
UTMOST>## set tox_in_m= $tox*1.0e-10
UTMOST>devi ce TOX = 1. 79e-08
UTMOST>
UTMOST># defi ne devi ce specifications
UTMOST>setup width = 1.0 length = 0.6 polarity = P
UTMOST>
MOST># | oad Atlas log files
UTMOST>i nit inf= 1dVvVg-Vb.|og naster
UTMOST>i nit inf= 1dvd-Vg. | og naster append
UTMOST>
Log file | oaded
UTMOST># sel ect required characteristics for device
UTMOST>desel ect | D/ VG VB al |
UTMOST>sel ect | D) VG VB device 1
UTMOST>desel ect | D/ VD- VG al |
UTMOST>sel ect | D VD- VG device 1
UTMOST>UTMOST>| og outf = nos. | og ut nost
UTMOST>
UTMOST># perform simul ation
UTMoST>fit | DY VG VB
Pl ease wait, FITTING in progress!
Executing |l ocal optimzation ivgs_bsinB a
Executing |l ocal optimzation ivgs_bsinB a
UTMOST>fit | DY VD VG
Pl ease wait, FITTING in progress
Executing local optimzation ivds_bsinB_a
Executing |l ocal optimzation ivds_bsinB_a
UTMOST>
UTMOST># out put UTMOST paraneters for extraction (used only for setup)
UTMOST>#save outf = nos. ssf
UTMOST>
UTMOST>#######H####H Extract UTMOST par anet er s ###H###H#H###
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UTMOST>

UTMOST>save outfil e=/t np/ deckbEAAa06379

The foll owi ng paraneters have been stored:

VTIHO = -0.6363853  [V] K1 = 0.9019918
K2 = -0.0688711  [.] K3 = 65.72977
) = 4.883524E-6 [n] NLX = 4.674296E- 8
VIO = 3 [.] DVT1 = 0.452118
UA = 6.048951E-10 [m V] uB = 1E-22

uc = -0.0253118 [1/V] VSAT = 5.8867E6
A0 = 0.5285819 [.] AL = 0. 0539283
A2 = 0.6716171 [.] RDSW = 800

OFF = -0.0139744 [V NFACTCR = 1.3974359
PCLM = 5.7002197 [.] PDIBL1 = 0.0545063
PDI BL2 = 0. 0610933 [.] DROUT = 0. 1460536
PSCBEL = 9. 97005E9 [V/ i PSCBE2 = 1E-9

TOX = 1.79E-8 [ ] XJ = 1.5E-7

w0 = 213.4599111 [cmf2/Visec]  ETA = 0.3

Ilinm = 2.009946E-5 [A] llins = 1.99748E-5
Isatm = 2.773636E-4 [A] Isats = 2.76221E-4
UTMOST>

EXTRACT> init infile="/tnp/deckbEAAa06379"
EXTRACT> extract nanme="P-VTHO" paran¥"VTHO)"

P- VTHO=- 0. 636385 V

EXTRACT> extract nanme="P-K1"
P- K1=0. 901992 V*0. 5

EXTRACT> extract nanme="P-K2"
P- K2=- 0. 0688711

EXTRACT> extract nane="P-K3"
P- K3=65. 7298EXTRACT> ext r act
P-W=4. 88352e-06 m

par an¥" KL1"

par an¥" K2"

par an¥" K3"

nane="P-\W)" paran¥"\W"

EXTRACT> extract name="P-NLX"' paran¥"NX"

P- NLX=4. 6743e-08 m

EXTRACT> extract nane="P-DVT0" paran¥"DVT0"

P- DVT0=3

EXTRACT> extract nanme="P-DVT1" paran¥"DVT1l"

P- DvT1=0. 452118
EXTRACT> extract nane="P- UA"

par an¥" UA"

[ V~0. 5]
[-]

[

[-]

[ (V) "2]
[ cnl sec]
[1/V]

[ ohm 3]
[-]

[-]

[-]

[V

[

[-]

[Al

[Al
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P- UA=6. 04895e- 10 m V

EXTRACT> extract nanme="P-UB" paran="UB"

P- UB=le-22 (m V)2

EXTRACT> extract nanme="P-UC' paran="UC'

P- UC=- 0. 0253118 1/V

EXTRACT> extract nane="P-VSAT" paran¥" VSAT"

P- VSAT=5. 8867e+06 cni sec

EXTRACT> extract nanme="P-A0" paran="A0"

P- A0=0. 528582

EXTRACT> extract nanme="P-Al" paran="Al"

P- A1=0. 0539283 1/V

EXTRACT> extract nanme="P-A2" paran&"A2"

P- A2=0. 671617

EXTRACT> extract name="P- RDSW par an¥" RDSW

P- RDSW=800 ohmt '3

EXTRACT> extract nane="P-VCOFF" paran¥" VOFF'

P- VOFF=- 0. 0139744 V

EXTRACT> extract nane="P- NFACTOR' par an¥" NFACTCR'
P- NFACTOR=1. 39744

EXTRACT> extract nanme="P-PCLM paran¥" PCLM

P- PCLM=5. 70022

EXTRACT> extract nanme="P-PD BL1" paran¥"PD BL1"
P- PDI BL1=0. 0545063

EXTRACT> extract name="P-PD BL2" paran¥"PD BL2"
P- PDI BL2=0. 0610933

EXTRACT> extract nane="P-DROUT" param=" DROUT"
P- DROUT=0. 146054

EXTRACT> extract nanme="P-PSCBE1l" paran¥"PSCBE1"
P- PSCBE1=9. 97005e+09 V/ m

EXTRACT> extract nanme="P- PSCBE2" par an¥" PSCBE2"
P- PSCBE2=1e-09 V/ m

EXTRACT> extract name="P-TOX' paran¥" TOX'

P- TOX=1. 79e- 08 m

EXTRACT> extract nanme="P-XJ" paran="XJ"

P- XJ=1.5e-07 m

EXTRACT> extract nanme="P-UW0" paranm="U0"

P- U0=213. 46 cnf*2/ VI sec
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EXTRACT> extract name="P-ETA" paran¥"ETA"

P- ETA=O0. 3

EXTRACT> extract name="P-Ilinm param="II|inn{
P-111inm=2.00995e-05 A

EXTRACT> extract name="P-Ilins" param="IIlins"
P-11ins=1.99748e-05 A

EXTRACT> extract nane="P-lsatnm param="|satni
P- | sat n=0. 000277364 A

EXTRACT> extract nane="P-|sats" param="|sats"
P- | sat s=0. 000276221 A

EXTRACT> qui t

UTMOST>qui t

UTMOST fi ni shed

xkx END ***
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3.11: SmartSpice Interface

The SMARTSPICE interface allows SILVACO’s circuit simulation program to execute within DECKBUILD
and the VWF AuTOMATION TooLS. The interface reads through the whole deck $- substituting any
variables that have been set. The actual simulation does not occur until the solve
outfil e=<rawfi| e>is reached in the simulation deck.

The output rawfile is a Data Format file that can be visualized in TONYPLOT or used with extract
statements to obtain required measurements as shown below.

extract init infile="spice.dat"

extract nanme="curvel"

nmax (curve(da.val ue."vin", da.val ue."power"))
extract name="curve2"

max (curve(da.val ue."2"“vin", da.val ue."2""“power”))

These ext ract statements will return the maximum of power for the first and second data set in the
file spi ce. dat .

3-46 SILVACO, Inc.



Functions

3.12: Internal Interface

The Internal interface is provided as a split point area for Device simulation only experiments using
VWF AuTtoMATION TooLS. This interface only accepts certain DECKBUILD statements (set, t onypl ot,
extract, go, source), the most useful is the set command. The Internal interface is intended to
include set statements which define the required input values to be $-substituted into the device
experiment. Using VWF AUTOMATION ToOLS, these inputs can be split on (varied) over many simulations
to provide Device experiments without using process simulation.
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3.13: Remote Simulation

DECKBUILD has the capability to be running on a local host while executing a simulation on a remote
host. The simulation is run using a remote shell command while displaying the output back to the tty
window in DECKBUILD.

In interactive mode, the remote host for each simulator can be specified using the Simulator
Properties popup accessed from the Main Control popup. For batch mode (- run), you can use the
-renot e <host name> command line option. This specifies the same remote host for all simulators
used.

3.13.1: Remote Options

Within the Main Control popup under the Options category, there are some remote options that can
be used to customize remote simulation.

Remote tmp directory sets the remote simulation t np directory, which must be mounted on the host
executing DECKBUILD and the host executing the simulator.

Remote shell command specifies the remote shell command to be used for remote simulation. This
option may need to be set with a specific path such as:

Sol ari s2 & decal pha-osf1 /bin/rsh
Sol ari sl /usr/ucb/rsh

r s6000- ai x4 /usr/bin/rsh

hp700- hpux /usr/bi n/rensh

m ps64-irix6 /usr/bsd/rsh

Remote mount string removes the automount prefix (usually /tnp_mmt) from paths for remote
simulation.

3.13.2: Troubleshooting

Remote simulation attempts to diagnose common problems when a simulator is started. Two remote
shell routines are performed to check the following five items, if any are not correct the simulator is
killed and an error message output to explain what is required.

¢ Unknown host - Check if remote host name is entered correctly in the Simulator Properties
popup or on command line. If so, contact your System Administrator as you are unable to access the
required remote host.

¢ .rhost file Error - For remote simulation, the name of the local host and your username must be
entered into the .rhost file located in your home directory. To continue, either add the line
<host nane> <usernane> to your .rhost file or contact your System Administrator to make the
required changes.

¢ CWD Mount Error - For remote simulation, the current working directory must be mounted for the
remote machine. To continue, either change the current working directory by loading your input file
from a directory mounted for both machines or contact your System Administrator to ensure the
present directory is mounted on the remote host.

¢ Write Permisson Error - For remote simulation, write access must be available for the temporary
directory. To continue, either change Remote Tmp Directory setting under the Main Control
popup Options category to an accessible directory or contact your System Administrator to set the
current remote tmp directory to be write accessible.

¢ Tmp Dir Mount Error - For remote simulation, the temporary directory must be mounted for both
the local and remote machines. To continue, either change Remote Tmp Directory setting under
the Main Control popup Options category to a directory mounted for both machines or contact
your System Administrator to ensure the current remote tmp directory is mounted on the remote
host in addition to the local machine.
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Note: Use of remote simulation is not recommended and not supported when DECKBUILD is executed from a remote
machine and displayed locally. Either remote login to a machine and execute DECKBUILD and the simulators on that
host or run DECKBUILD on your local machine and use remote simulators.

SILVACO, Inc. 3-49



DeckBuild User's Manual

This page is intentionally left blank.

3-50 SILVACO, Inc.



Chapter 4.
Statements

4.1: Overview

This section contains a complete description of every statement and parameter used by DECKBUILD.
The following information is provided for each statement:

¢ The statement name

¢ The syntax of the statement with a list of all the parameters of the statement and their type

¢ A description of each parameter

¢ An example of the correct usage of each statement
4.1.1: DeckBuild Commands

The following list identifies the commands that DECKBUILD executes. Each of these commands is
described in subsequent sections:

e ASSI G\

o AUTOELECTRODE
o DEFI NE

e ELSE
 EXTRACT
¥ce

oIF

e | F. END

o L.END

e L. MODI FY
o LOOP

o MASK

o MASKVI BV
o SET

* SOURCE

o STMI

* SYSTEM

o TONYPLOT
o UNDEFI NE
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4.2: ASSIGN

Provides a much richer version of the functionality provided by the existing SET statement (see Section
4.11: “SET”).

Syntax
This is the syntax of the ASSI GN statement:

assign nanme = <vari abl e> [print]

(n.val ue = <expr_array> [del ta=<expr> | ratio=<expr>] |

| .val ue = <expr_array> |

c.value = <qgstring> [ del t a=<expr >] |
<c_array>

)

[level = <expr>]

with the following subsidiary definitions :
<expr_array> -> <expr> |
(<expr>, <expr_array>) |

(<expr> <expr_array>)

<c_array> -> c<integer>=<qgstring> [
c<i nt eger >=<gstring> <c_array>
Description

The ASSI G\ statement allows you to assign either a numerical (n), a logical (I ) or a character (c) value
to a variable. Numerical values may be arbitrary arithmetical expressions and may incorporate any of
the standard functions mentioned in Section 4.11: “SET”. All user-defined variables will be substituted
before the expression is evaluated.

Arbitrarily, many variables may be assigned in the same deck.

Logical values may also be arbitrary numerical expressions. If any expression evaluates to a non-zero
value, it is interpreted as true. Otherwise, it is interpreted as false. You can use the actual words
"true" and "fal se". You can also assign arbitrary boolean expressions to logical values. The
following operators are recognized:

| ogi cal AND &
| ogi cal COR
[ ogi cal NOT A
The usual relational operators are also recognised (>, <, >=, <=) with a single ' =' character for the

equals operator and the token "= for the not-equals operator.
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Note: Although unquoted strings are supported, you should always use quoted strings for character values for the sake of
clarity.

You can assign a whole array of values to a variable. Arrays of numerical and logical arrays are written
in the following manner:

(1, 2, 4, 8)
but arrays of character variables are written like this :
c2 = "Mary" ¢3 = "had" ¢c5 ="a" ¢c7 = "little" cl11 = "lanb."

You can have many terms in a character array with their defining integers (the ones prefixed with ' ¢’
for ' char act er' ) and not be sequential.

The array will be sorted in the increasing order of its defining integers.

Arrays are usually assigned to variables in loops. After each loop, the next value in the array will be
assigned to the variable. If the end of the array comes before the end of the loop, the variable will
revert to the first value in the array on the next pass.

You can also use the delta and ratio clauses to alter a variable on each pass through a loop. If you
specify delta, that value will be added to the variable on each pass. If you specify ratio, the variable
will be multiplied by that value on each pass.

If you specify an array of values, you cannot then specify either the delta or the ratio clauses.

You can specify a delta clause for a character value. This increment must be an integer and will be
truncated if it isn't. This is an odd concept but is useful when, for example, you want to use a new
output file on each iteration of a loop. A few examples will illustrate the idea. If the character value is
a00 and delta is 4, then the first few values the variable takes will be a00, a04, a08, al2 and so on.
Eventually, you will reach the values a92, a96, b00, b04, and so on. Incrementing lower-case ' z' by
one produces lower-case ' @' but not upper-case ' A' and vice versa. You can also specify a negative
delta with the obvious results.

An ASS|I GN will persist until you encounter a second ASSI GN with the same variable name. If this
happens, the old ASSI GN will be discarded and replaced by the new one. If an ASSI GNis outside of all
loops, then the value of its variable never changes. If it's inside a loop, then its variable changes every
time a new iteration of the loop begins.

If you specify the pri nt keyword, the current value of the variable will print when initialized and will
change each time thereafter.

You can use the level clause to have the value of the variable change when a particular member of a set
of nested loops begins a new iteration. If the level you specify is positive, the loop is obtained by
counting downwards from the zero level, the one outside of all loops. If the level is negative, the loop is
obtained by counting upwards from the current level towards the outermost loop. So, | evel =- 2 means
change when the loop two above the present one starts a new iteration. | evel =2 means change when
the next-to-the-outermost loop begins a new iteration.

As already mentioned, user-defined variables will be substituted before attempting expression
evaluation. These variables are defined using the SET and ASSI GN statements. You can indicate the
presence of a user-defined variable by prefixing it with ' $' or' @ or by surrounding it with braces like
this:

${ny_variable_1}, @ny_variable_2}.

Variables embedded withing quoted strings will be correctly substituted. "Bare" variables will be
recognized provided they are surrounded by both spaces and parentheses. This usage, however, is
very confusing and highly inadvisable.
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Examples
1. In this example, par anl will take the values 1, 2 and 3 on the three passes through the loop.
| oop steps=3
assign name=paranil print n.value = 1 delta =1
l.end
2. This generates the sequence aa. 20, aa. 16, aa. 12, aa. 08, aa. 04 and aa. 00 for par an®.
| oop steps=6 print
assi gn nanme=paran® c.value = "aa.20" delta = -4
l.end
3. Followed by, "Mary", "had","a","little" and "l anb".
| oop steps=5 print
assi gn name=paranB cl10="lanb." c3="Mary" c8="little" c4="had" c7="a"
l.end

In the two preceding examples, the double quotation marks will not be included when par an2 and
par anB are substituted into later expressions.

4. par anl takes the values 42, 38, 17, 42, 38.
| oop steps=5 print
assi gn nane=paranil n.val ue = (42, 38, 17)

| . end

5. par aml takes the values 42, 45. 2, 48. 4, 51. 6, 54. 8.
| oop steps=5 print
assi gn name=paranil n.value = 42 delta = 3.2
l.end
6. par aml takes the values 42, 134. 4, 430. 08, 1376. 26, 4404. 02.
| oop steps=5 print
assi gn name=paranil n.value = 42 ratio = 3.2
l.end
7. This is a simple example illustrating the use of boolean expressions.
assi gn name=condition |.value = ($x > 0.0 & $y < 3.0)

If x and y represent coordinates, the value of condition will be true or false accordingly as the
coordinates are in a required area of the structure. The value of $condi ti on could then be used as
input to an | F statement.

8. It is worth emphasizing that ASSI GN can be used for the simplest of cases. See the following
example:

assi gn name=e_char ge n. val ue=1. 6e-19
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4.3: AUTOELECTRODE

Defines layout-based electrodes
Syntax
aut oel ectr ode
Description

The aut oel ectrode command causes DECKBUILD to submit electrode definition statements to the
current simulator. The electrode name and positioning information will be taken from the MASKVIEWS
layout data.

Note: DECKBUILD only remembers the electrodes specified within each mask. Therefore, an aut oel ect r ode statement
must be used for every mask layer where electrodes are defined. This defines multiple electrodes for a single
aut oel ect r ode statement within the current mask.

See
Section 3.9: “IC Layout Interface”.
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4.4: DEFINE and UNDEFINE

DEFI NE replaces all subsequent occurrences of an identifier with a specified string.

UNDEFI NE cancels this action.

Syntax

define <identifier> <rest_of _|ine>

undefine <identifier>

Description

The identifier should either be a quoted string or a well-formed identifier. That is, one which begins
with a letter or an underscore and continues with an arbitrary sequence of letters, digits, underscores
and periods.

Every time this token is identified thereafter, it will be replaced by the whole of the rest of the DEFI NE
statement from the end of the token down to the end of the line. This <r est _of _| i ne> component may
consist of any characters whatsoever.

You don't have to flag the presence of the defined (DEFI NE) token using a ' $' or ' @ prefix or any of
the other methods mentioned in Section 4.2: “ASSIGN”.

Substitution of a defined (DEFI NE) token will persist until you encounter an UNDEFI NE statement
referencing the same token.

Substitution of defined (DEFI NE) tokens will occur before each line is executed, unless the line begins
with a %character. This also holds for the DEFI NE and UNDEFI NE lines themselves and has an odd
corollary, which you can see in the examples section.

Examples

1. Here is a straightforward example:

defi ne nypath /hone/john_snith/tnp/logs

l og outf=nypath/filel.log

[ og outf=nypath/file2.log
This pathology will define bl ack as white.

define col or bl ack

define color white
To get the behavior you probably had in mind, do this :

define col or bl ack

4-6
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%lefine color white

2. Something similar happens with the UNDEFI NE command. In the next example, "bl ack" is
substituted for " col or" in the UNDEFI NE command and a no-op results.

define col or bl ack

undef i ne col or
3. For an UNDEFI NE to take effect, always use the ' % prefix. For example:

define col or bl ack

%undefi ne col or
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4.5: EXTRACT

Extracts information from the current simulation
Syntax
extract extract-paraneters
Description

The extract statement is used to extract interesting information from the current simulation. See
Chapter 5: “Extract” for a complete description.

See
Chapter 5: “Extract”.
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4.6: GO

Interface between simulators
Syntax
go <simulator> [inflags=<> | outflags=<> | sinflags=<>| cutline=<>| noaut o]
Description

The QO statement tells DECKBUILD to shut down the current simulator and start up the specified
simulator when the statement is executed. It is used to auto-interface between simulators.

simulator can be ssupr en8, at hena, sm ni nos4, at | as, devedi t, ut nost , neur of ab.
inflags specifies new | oad command flags for aut oi nt er f ace.
outflags specifies new save command flags for aut oi nt er f ace.
simflags specifies flags to be appended to default simulator argument.
cutline specifies a MASKVIEWS cutline file to be loaded into DECKBUILD.
noauto specifies that no aut oi nt er f ace occurs for this go statement.
Examples

If the current simulator is SSUPREMS, then this statement causes DECKBUILD to quit SSUPREM3 and
start up ATHENA.

go at hena

This will replace the default flags used in ATHENA auto interface command with “naster” when
loading and “fl i p. y” when saving.

go athena inflags=naster outflags=flip.y

Note: One or more flags can be specified on the go line.

This statement will append “-V 2. 2. 1. R’ to the default DEVEDIT argument to start version 2.2.1.R of
the tool.

go devedit sinflags="-V 2.2.1.R'

Note: Quotes are required where spaces used in flags or multiple flags used.

This loads the MASKVIEWS cutline def aul t. sec from the specified directory into DECKBUILD.
go athena cutline="/usr/jdoe/default.sec"
This removes the currently loaded MASKVIEWS cutline.

go at hena cutl i ne=none

Note: The cutline flag should never be used with VWF.

The cutline flag cannot be used within VWF because is no guarantee that the specified directory path
for the cutline file will exist on any of the remote machines in a network that VWF jobs can be sent to.
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If the current simulator is ATHENA, then the following statement causes DECKBUILD to quit ATHENA
and start up ATLAS but no aut oi nt er f ace between the two simulators will occur.

go atlas noauto
See
Section 3.8: “Auto Interfacing”
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4.7: IF, ELSE and IF.END

These three commands together provide the standard | F block functionality.
Syntax
if cond = (<bool ean_expr>)
el se [cond = (<bool ean_expr>)]
if.end
Description

The | F command starts the block. If its condition evaluates to true, then statements down to the next
ELSE or | F. END line will be executed. If the condition evaluates to false, then there will be a s search
for an ELSE | F line whose condition evaluates to true. If you find such a line, the lines in its sub-block
will be executed. At most, one sub-block in a given | F block will be executed.

The <bool ean_expr essi on> can be an arbitrary combination of boolean variables concatenated with
AND, CR or NOT operators as described in Section 4.2: “ASSIGN”.

You can nest | F blocks with each other and with LOOPs. As usual, an ELSE or an | F. ENDis associated
with the most recent | F. There is no mechanism for using brackets or braces to enforce a particular
nesting.

Example
if cond = (@MOSTYPE = "PMXS")

met hod gummel carriers = 1 holes

el se

met hod gunmel carriers = 1 el ectrons

if.end
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4.8: LOOP, L.END and L.MODIFY

These three commands together provide the standard looping functionality.

Syntax

| oop steps = <expr> [print]

|.end [ br eak]

| . modi fy [level = <expr>] [steps = <expr>] [next | break] [print]
Description

Every | oop statement must have a corresponding | . end statement. All the commands between these
two statements are executed repeatedly for the number of times given in the steps clause of the | oop
command. If you specify the pri nt keyword, the values of all user-defined variables that vary under
the control of the loop will print every time they change. If you specify the br eak keyword in the | . end
statement, the loop will exit on its first iteration regardless of the value of steps.

Example: Simple Loop In DeckBuild and ATLAS

This example creates a simple resistor in ATLAS and uses the loop functionality in DECKBUILD to run
two voltage solutions at 0.1V and 0.2V in ATLAS.

go atlas

nmesh

Xx. ml=0.0 s=0.01
x.ml=0.1 s=0.01

y.m|l=0.0 s=0.01
y.ml=0.1 s=0.01

regi on nun¥l silicon

el ectrode nane=top top

el ectrode nane=bottom bottom

dopi ng num=1 conc=1el7 n.type uniform

solve init

sol ve previous
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set a=0.1

| oop steps = 2

sol ve vl1=%a

set a=$a*2

| . end

quit

Loops can of course be nested with each other and with | F blocks. When an | . end statement is
encountered, it is associated with the most recent loop statement.

The | . nodi f y statement changes the behavior of the current loop or one within which it is nested. You
specify the level of the loop you wish to modify using the level clause, which is described in Section 4.2:
“ASSIGN”. Without this clause, the current loop is assumed. You use the steps clause to change the
number of times the loop will be executed. A value less than or equal to the current loop iteration count
is acceptable and simply results in the loop exiting at the end of the current iteration.

The br eak keyword causes the loop to exit immediately.

The next keyword causes the loop to abandon the current iteration and to begin the next without
executing any statements between the | . nodi f y and the relevant | . end statements.

The pri nt command switches on the printing of user-defined variables as described above.

Example

| oop steps=3

assi gn name=paranil print n.value = 1 delta =1
| oop steps=3

assi gn name=paran® print n.value = 1 delta =1
I .end
l.end
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4.9: MASK

Defines the position of the process flow where photoresist or barrier material is added with the use of
the MaskVIEWS IC layout interface.

Syntax
mask nanme="rmasknane"[ m sal i gn=<m sal i gnnent >/
| bi as=<bi as>| del ta_cd= <delta_cd>/
| shrink=<shri nk>| reverse|optolith]

Description

Mask is used to interface to SILVACO’s general purpose layout editor MaskViEws. The mask statement
defines the location where photoresist is deposited in the flow of processing events. The etched pattern
is dependent on the MasSKVIEWS cutline file, which must be loaded into DECKBUILD.

Name specifies the name of the layer that defines the photoresist patterning. This name must
correspond to a mask level name contained in the MASKVIEWS cutline file loaded into DECKBUILD.

Bias and delta_cd increase or decrease the width of the deposited mask. For positive masks, a
positive delta.bi as decreases the etched hole(s) in the mask.

Misalignment shifts the entire specified mask left and right. Negative misalignment values shift the
mask left, positive values right.

Shrink reduces the size of the specified layer by the ratio specified.

Reverse specifies that the mask polarity should be reversed or that negative type photoresist should
be modeled.

Optolith specifies that the loaded MASKVIEWS cutline is from an Optolith layout. Therefore, Optolith
syntax (layout commands) is used to define the photoresist pattern.

Examples

The del t a value can be used to vary the Critical Dimension (CD) of the specified layer. The value
operates on as edge-by-edge basis. For example, for an IC layout with a 1.0, micron wide “ pol y” the
statement:

nmask nane="poly" delta=-0.1
creates a drawn poly length of 0.8 microns, meaning that 0.1 have been removed from each poly edge.

The bi as command option performs the same operation as the del t a command. This can be used
globally to edit the bias of each layer. The bi as command can be used with del t a, such that the real
value for CD reduction is the sum of the delta and bias values, per edge. For example, if an IC layout
with 1.2 micron CD’s is streamed-in from GDS2, and the final etch, then the final etch profile is known
to be 0.9 microns due to a combination of biasing, photo-exposure, and over etch, then the offset is
required to be constant. This is where the bias command can be used.

nmask nane="pol y" bi as=-0.15
In other words, 1.2 microns-0.9 microns=-0.3 microns =2(-0.15) microns, or -0.15 microns per edge.

Further experimentation might be required in addition to the fixed bias. This is where the del ta
command can be used. In this example:

nmask nanme="pol y" bi as=-0.15 bi as=-0.15 del ta=-0. 025

This simulates a true experiment in terms of CD variation.
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The m sal i gn command is used to offset a layer with respect to other layers. For example
mask nanme="poly" bias=-0.15 msalign=-0.1
causes the poly layer to be offset to the left by 0.1 microns.

The shri nk command is used to reduce the size of all edges in the specified layer. For example, the
statement below will reduce the layer edges by 50 percent.

mask name="poly" shrink=0.5
Misalignment and CD Experimentation

It is often necessary to experiment with either misalignment or the CDs of a layer. The MASKVIEWS-
DECKBUILD interface supports this level of experimentation. DECKBUILD can be used to experiment with
the cutline generated by MaskViEws. Each mask statement can be used to alter the cutline. The
underlying mesh used by ATHENA is not changed with mask experimentation commands. VWF can be
used to split on these values to generate RSM’s relating to mask experimentation.
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4.10: MASKVIEWS

Plots a layout file
Syntax
maskvi ews <l ayout file>
Description

This statement starts the MaskVIEWSs layout editor and load the supplield layout file. If no layout file is
specified, MASKVIEWS is invoked with no data.

Examples
This statement plots a layout file (which should be in the current directory).
nmaskvi ews | ayout. | ay

See

MASKVIEWS USER’S MANUAL
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4.11: SET

Sets the value of a user-defined variable or clear all existing variables.

Syntax

set <variabl e> = <val ue>

set clear

<built_in_func> = max
m n
ave
sin
cos
tan
asin
acos
at an
at an2
si nh
cosh
tanh
exp
| og
| 0gl0
pow
sqrt
cei
f1 oor
abs
| dexp

f mod

Description

(<expr>,
(<expr>,
(<expr>,
(<expr>)
(<expr>)
(<expr>)
(<expr>)
(<expr>)
(<expr>)
(<expr>,
(<expr>)
(<expr>)
(<expr>)
(<expr>)
(<expr>)
(<expr>)
(<expr>,
(<expr>)
(<expr>)
(<expr>)
(<expr>)
(<expr>,

(<expr>,

<expr> | <built_in_func> [nom nal]

<expr>)
<expr>)

<expr>)
<expr>)

<expr>)

<expr>)

<expr>)

The set command is used to set the value of a user-defined variable. The value can later be
substituted using $-substitution, which replaces the variable name with its value when the variable is
preceded by a dollar sign * $’ or by the at sign' @.

variable is a user-defined variable name. It may contain spaces or other non-alphabetical characters
if it is delimited by double quotation marks..

<expr> is an algebraic expression consisting of numeric constants, $-substituted variables, algebraic
operators (+,-.*/,%), and or the built-in functions shown.

set commands can be used in conjunction with extracted values. If a $- vari abl e is to be substituted
and if an existing DECKBUILD variable cannot be found, it is assumed to be a user-defined environment

variable.

SILVACO, Inc.
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Synonyms for SET

We have introduced synonyms for the SET syntax to provide improved compatability with other
products. Both of the following syntaxes are valid.

Assi gn| assi gn NAME=<vari abl e> N. VALUE= <val ue> | <expr> | <built_in_func>
define <variabl e> <value> | <expr> | <built_in_func>

These will assign the chosen value or expression to the variable in the same way as the existing SET
syntax. To reiterate, you can substitute the value later using $-substitution, which replaces the
variable name with its value when the variable is preceded either by a dollar sign ' $', or by the at
sign' @.

Examples

These statements show how to set variables and how to substitute with each other and in simulator
syntax.

set time=30

set tenp=1000

set press=1.0

set env="nitro"
set pi=3.1415

set “pi*2" = 2*$pi

di ffuse tine=$tine tenp=$tenp press=3Ppress $env hcl =$" pi *2”

The following statements extract the thickness of the top layer of oxide in a structure and etch back
that thickness plus 0.05 micron.

extract nanme="oxi de thi ckness" thickness oxide
set etch_thickness = ($"oxide thickness"*10000) + 0.05

etch oxide dry thickness=%etch_thi ckness

Note: The thickness is measured in angstroms, so it is converted to microns first.

Variable names that contain spaces (generated by extract statements) must be quoted for $-
substitution, and the ‘ $ must precede the quoted string as shown.

For variable names with no spaces, quotation marks are optional.
The following statement will remove all existing variables.

set cl ear
The statements below show the use of the nom nal flag.

extract name="oxi de thi ckness""oxi de thickness" thickness _bad syntax oxide
set "oxide thickness" = 0.5 nom nal

etch oxide dry thi ckness=%oxi de thi ckness
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For this example, if the ext r act statement was successful, the value of " oxi de t hi ckness" would be
set. Therefore, the nom nal set statement would be ignored. But the extract syntax is incorrect, so

the extract statement never creates the result variable and "oxi de thi ckness" is set by the
nom nal set statement to 0.5.
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4.12: SOURCE

Enables simulation commands to be executed from an external file
Syntax
SQURCE file
Description

The SOURCE statement enables simulation commands to be executed from an external file. The named
file is read and placed in DECKBUILD’s input buffer and is executed as if it were part of the input deck.

fil e is the name of a file that contains any valid simulator syntax or DECKBUILD statements, such as
extract and set. The sourced file may source other files. If the file name does not begin with ‘ /',
then it is assumed to be in the current directory.

Examples

The file to be sourced may contain part of an input deck including commands from any simulator. The
following input deck fragment will perform a diffusion, access the file i ncl ude fil e for further
commands, then revert back to the deposition step.

etch oxide all
#
# Source an external file
# Return to the input deck
i npl ant bf 2 dose=1.0el2 energy=35 pearson
include file contains these statenents:
#gat e oxi de grown here: -
di ffus time=10 tenp=900 dryo2 press=1.00 hcl %3

The runtime output from this fragment will appear as:
ATHENA> et ch oxi de all
ATHENA> #
ATHENA> # Source an external file
ATHENA> source include file
ATHENA> #gate oxi de grown here: -
ATHENA> di ffus tine=10 tenp=900 dryo2 press=1.00 hcl %3
Sol ving time(sec.) 0 + 0.01 100% np 106
Sol ving time(sec.) 0.01 + 0.173987 1739.87% np 106
Solving tinme(sec.) 0.183987 + 0.187665 107.861% np 106
Solving tinme(sec.) 0.371653 + 0.628347 334.823% np 106
Sol ving time(sec.) 1+ 0.1 15.9148% np 106
Sol ving time(sec.) 1.1 + 3.1396 3139.6% np 106
Sol ving time(sec.) 4.2396 + 19.1813 610.947% np 106
Sol ving time(sec.) 23. 4209 + 93.4041  486.955% np 106
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Sol ving tinme(sec.) 116. 825 + 150 160. 593%
Sol ving tinme(sec.) 266. 825 + 150 100%
Sol ving tinme(sec.) 416. 825 + 150 100%

Sol ving tine(sec.) 566. 825 + 33.1751 22.1167%
ATHENA ># Return to the input deck
ATHENA> i npl ant bf 2 dose=1.0el2 energy=35 pearson

np 104
np 104
np 104
np 104

SILVACO, Inc.
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4.13: STMT

Enables you to define variables that change under the control of loops.
Syntax
st <par anet er s>
Where

<par anet ers> -> <paraneter> | <paraneter> <par anet er s>
<paraneter> -> <variable> = <initial>[ : [ +| * ] <change> [ : <level>] ]

That is, a stnt command must carry at least one parameter and may carry many (independent)
parameters.

Description
This is effectively a shorthand for part of the ASS| GN statement.
The <i ni ti al >, <change> and <| evel > terms are all numerical expressions.

The value of the variable is re-evaluated every time the STMI' command is encountered. If no
arithmetical operator is specified or if the ' +' sign appears explicitly, then addition is understood and
the variable is re-evaluated as

<initial> + <change> * (count - 1)
where count is the current iteration count of the loop with level <I evel >.
If the multiplication operator (' *' ) appears, the variable is re-evaluated as
<initial> * pow <change> (count - 1))
where powis the usual exponentiation function.

The <change> term defaults to 0 in the addition case and 1 in the multiplication case. The <I evel >
term defaults to the current loop level. This means that if you only specify <i ni ti al >, the variable
will be a constant.

Examples
1. In this example par aml will take the values 1, 2, 3, 4 and 5.
| oop steps=5 print
stnm paranil=1:1
l.end
2. In this example par aml will take the values 1, 2, 4, 8 and 16.
| oop steps=5 print
stnt paraml=1:*2

| . end
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4.14: SYSTEM

Allows DECKBUILD to execute UNIX system commands within a simulation deck.
Syntax
SYSTEM <UN X command>
Description

The SYSTEMcommand allows you to execute shell scripts or perform other UNIX tasks directly from
the simulation deck. The command is blocking, meaning that the simulation does not continue until
the SYSTEMcommand has finished execution.

To use this feature, enable the SYSTEMcommands in the Main Control Options Popup (see Figure 3-6).
To enable system commands for VWF AUTOMATION TooLs, set the environment variable
DB_SYSTEM OPTI ONto any value.

Examples

systemrm history*.str

Note: Redirection of the system command output (i.e., system 1s* .in > file. out)cannot be achieved as the
output is already redirected by DECKBUILD.
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4.15: TONYPLOT

Plots a file
Syntax
tonypl ot -args
Description

This statement causes DECKBUILD to save a temporary file from the current simulator and start up
ToNYPLOT with that file loaded. The temporary file is removed when TONYPLOT exits.

- args, if specified, are passed directly to TONYPLOT (as if invoked from the command line). If any of
-st, -da, or - over and a file name is specified, DECKBUILD uses the named file instead of saving and
plotting the current structure.

DECKBUILD also detects if the structure to be plotted is 3D and use ToNYPLOT3D if required.
Examples
This statement saves the current file and starts TONYPLOT.
t onypl ot
This statement plots a file (which should be in the current directory).
tonyplot -st well.str
See
Section 3.3: “Main Control”.
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Chapter 5:
Extract

5.1: Overview

DECKBUILD has a built-in extraction language that allows measurement of physical and electrical
properties in a simulated device. The result of all extract expressions is either a single value (such as
Xj for process or Vt for device), or a two-dimensional curve (such as concentration versus depth for
process or gate voltage versus drain current for device).

ExXTRACT forms a “function calculator” that allows you to combine and manipulate values or entire
curves quickly and easily. You can create your own, customized expressions, or choose from a number
of standard routines provided for the process and device simulators. You can take one of the standard
expressions and modify it as appropriate to suit your needs. EXTRACT also has variable substitution
capability so that you can use the results of previous extract commands.

EXTRACT has two built-in 1D device simulators, QUICKMOS and QUICKBIP, for specialized cases of MOS
and bipolar electrical measurement. Both QUICKMOS and QUICKBIP run directly from the results of
process simulation for fast, easy and accurate device simulation.
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5.2: Process Extraction

DECKBUILD’s process extraction window is shown below (Figure 5-1).

i Deckbuild: ATHENA Extract

Extract: [5] Material thickness

Name: ;| Material thickness

Material: || Junction depth all Materials: (]

spmterial narme: || SUrface concentration

Occurrence: QUICKMOS 10 Wt

Min value: || QUICKMOS CW curve

Max value: || QUICKEIP 10 salver

Results datafile: || Junction capacitance vs bias

Extract location: lunction breakdown curve

SIMS profile

SRP profile

Sheet resistance

Sheet conductance

Sheet resistance vs bias

Sheet conductance vs bias

Electrical concentration profile

10 max/min concentration

20 max/min concentration

Figure 5-1: Process Extraction
You may use this window to look at the following:

¢ Material thickness measures the thickness of the nth occurrence of any material or all materials
in the structure.

¢ Junction depth measures the depth of any junction occurrence in the nth occurrence of any
material.

¢ Surface concentration measures the surface concentration of any dopant, or net dopant, in the
nth occurrence of any material.

¢ QUICKMOS 1D Vt calculates the one-dimensional threshold voltage of a MOS cross section using
the built-in QUICKMOS 1D device simulator. The gate voltage range defaults between 0 to 5 Volts but
can be specified as required. The substrate can also be fixed at any bias. Qss and device temperature
values may also be specified.

¢ QUICKMOS CV curve creates a CV curve of a MOS cross section using QUICKMOS. This shows
capacitance as a function of either gate voltage or substrate voltage with the other terminal held at
any fixed bias. Qss and device temperature values may also be specified.

e QUICKBIP 1D solver measures any of 22 BJT Gummel-Poon parameters, plus any forward or
reverse IV curve. See the Section 5.9: “QUICKBIP Bipolar Extract” for more information and
examples.

¢ Junction capacitance versus bias calculates the junction capacitance of a specified p-n junction
within any region as a function of applied bias to that region. Qss and device temperature values can
also be specified.
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¢ Junction breakdown curve calculates the electron or hole ionization integral of any region as a
function of applied bias to that region. This calculation uses the Selberherr impact ionization model.
(see “Impact” command section and “Impact Ionization” physics section within the ATLAS manual).
You can modify the Selberherr model default values and specify Qss and device temperature values.

e SIMS profile calculates the concentration profile of a dopant in a material layer.
¢ SRP profile calculates the SRP (Spreading Resistance Profile) in a silicon layer.

¢ Sheet resistance and sheet conductance calculates the sheet resistance or conductance of any p-
n region in any layer in an arbitrary structure. You can specify the bias of any region in any layer, the
Qss of any material interface and the device temperature. A flag for carrier freezeout calculations
can also be set (see “Incomplete Ionization Of Impurities” physics section within the ATLAS manual).

¢ Sheet resistance and sheet conductance versus bias calculates the sheet resistance or
conductance of one or more regions as a function of applied bias to any region. Qss and device
temperature values can also be specified.

¢ Electrical concentration profiles measures electrical distributions versus depth. You can also
specify the bias of any region in any layer and the Qss of any material interface. The device
temperature can also be set to the required value. The following distributions are calculated:

¢ electrons

¢ holes

¢ electron quasi-fermi level
¢ hole quasi-fermi level

¢ intrinsic concentration

¢ potential

¢ electron mobility

¢ hole mobility

¢ electric field

¢ conductivity

¢ 1D maximum/minimum concentration measures the peak or minimum concentration of any
dopant or net dopant, for a specified 1D cutline, in the nth occurrence of any material or all
materials, and also within any junction-defined.

¢ 2D maximum/minimum concentration measures the peak or minimum concentration of any
dopant or net dopant, for the whole 2D structure or within a specified area, in any material or all
materials, and also within any junction-defined. The actual xy coordinates of the maximum or
minimum concentration can also be retrieved.

¢ 2D material region boundary returns the maximum or minimum boundary of the selected
material region for either X or Y axis. Therefore, the outer boundaries of any material region can be
extracted.

¢ 2D concentration area integrates specified concentration of any dopant or net dopant for whole 2d
structure or within a specified location.

¢ 2D maximum concentration file (CCD) creates a Data Format file with the XY coordinates and
the actual values of the maximum concentrations stepping across the structure. This file can be
loaded into ToNYPLOT when in -ced mode to show a line of maximum concentration across a device.

¢ ED tree creates one branch of a Smile plot or ED tree from multiple Defocus distance against
Critical Dimension (CD) plots created for a sweep of Dose values by OproLITH. These plots are all
written in a single Data format file.

¢ Elapsed time extracts time stamps from a specified start time at any point in a simulation. You can
reset the start time as required.
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Note: This extraction is not CPU time.

The built-in 1D Poisson device simulator is used to calculate sheet resistance and conductance and the
electrical concentration profiles.

With the exception of 2D extractions, all the process extraction routines are available from both 1D
and 2D process simulators. In the case of the 2D simulators, a cross section x or y value or region name
(used in conjunction with MASKVIEWS) determines the 1D section to use.

Note: An error will be returned for attempted extractions on 3D structure files.

5.2.1: Entering a Process Extraction Statement

To place an ext r act statement in your process deck, select Commands—Extract.... The Extraction
popup appears. The popup for ATHENA is shown in Figure 5-2.

] Deckbuild: ATHENA Extract

Extract: (2] Material thickness

Name: |

Material: IE] Silicon All Materials: []
staterial name:

Occurrence: 1 1 [—— 10

Min value: []

Max value: []

Results datafile: results.final

Extract location: Y | Region narme | Value:

Figure 5-2: The ATHENA Extraction Popup

Choose the extract routine you want by activating a choice on the Extract setting. The popup changes
size and display different items, depending on which routine you choose. Then, enter or choose the
desired information for each item on the popup. An extract name is always be required. Optionally,
enter the minimum or maximum desired cutoff values by checking Min value or Max value and
entering a value. By default, all extract results are written to a file named resul t s. fi nal . But using
the Results datafile field allows you to specify the results file for each individual ext r act statement.
Material and impurity names are selected using a Chooser (Figure 5-3).
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o—H Deckbuild: SSUPREM4 Extraction

Extract: [Z] SIMS Profile
Name:
Material: [Z] Silicon Occurrence: 4 1 e —— 10

Impurity: [T] Met Chem

¥ vs ¥ axis: | Depth vs Concentration | Concentration vs Depth |

¥ axis attributes: | leig 100 | |ahs | |sqrt |
¥ axis attributes: | log10 | |ahs | |sqrt |

Store X/Y datafile: Filename: extract.dat

Compute curve area; [ |

gl boundsr Dinbounded

}< ?}X%$ $§:{§?’{: ................................
¥ oaxiy stap:
K value: -
Max valus: -
Extract location: value:

Figure 5-3: Material Chooser Popup

If the required option is not present in the default setting, select the User filter to search for other
materials/impurities. The Hide Worksheet Result setting specifies that this extract should not be
displayed in the VWF INTERACTIVE TooLs worksheet. This prevents extracts used for calculation
purposes only from cluttering the worksheet results.

Finally, place the text caret at the desired point in the deck and click on the WRITE button. The
extract syntax is written to the deck.

5.2.2: Extracting a Curve

Some of the process extraction statements create a two-dimensional curve as a result, rather than a
single value. For instance, ext ract constructs a data set of concentration versus depth for the SIMS,
SRP, and electrical quantities distributions. You can use the resulting 2-D curve for measurement and
testing and as a target on the OpTIMIZER worksheet so that you can optimize against 2-D curves.

EXTRACT provides several additional options to 2-D curve support: axis layout, axis attributes, optional
computation of area under the curve, and optional outfile. These options are the same regardless what
type of curve (for instance, QUICKMOS CV and SIMS profile) you are extracting.

The ATHENA Extract popup showing the SIMS Profile is shown in Figure 5-4.
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] Deckbuild: ATHENA Extract

Extract: [£] SIMS profile

Name: |
Material: Silicon All Materials: []
Baterial name!
Occurrence: 1 1 [——— 10
Impurity: Net Doping

X vs ¥ axis: | Depth vs Concentration | Concentration vs Depth | Compute curve area: [

X axis attributes:
Y axis attributes:

¥ axis bounds: []

¥ audy siary ®oanis sl

Store K/Y datafile: Filename: extractdat

Results datafile: results.final Hide worksheet result: []
Extract location: Value:
WRITE

Figure 5-4: ATHENA Extract Popup with SIMS Profile
The following options are available:

¢ X vs Y axis determines the x and y axes of the resulting profile curve. The default (which should
always be used unless you plan to customize the resulting extract expression) is that the x axis is
depth into the material, and the y axis is the concentration.

¢ Curve X axis bounds specifies whether to create the curve for the whole X axis or for only a
required section. If selected, X axis value fields become active, enter values in the same units as the
resulting curve. This is useful for extracting local maxima and minima.

e X axis attributes and Y axis attributes allows you to modify the data values on each axis
independently. To compute net concentration versus depth, you can select abs on the y axis
(concentration), and select nothing on the x axis (depth). abs is always evaluated before taking the
log or square root of the data.

¢ Curve X axis bounds specifies whether to create the curve for the whole X axis or for only a
required section. If selected, X axis value fields become active, enter values in the same units as the
resulting curve. This is useful for extracting local maxima and minima.

¢ Store X/Y datafile stores an output file in TONYPLOT data format if set to Yes. You can plot the data
file in ToNYPLOT using the - da option. You can also read the data file directly into the OpPTIMIZER
worksheet as a target if desired.

¢ Compute curve area computes the area under the curve. When checked, it causes several other
items to become active:

¢ Area X axis bounds tells EXTRACT whether to integrate the area under the curve along its entire
length or just for a bounded portion of the X axis. If you select Bounded, then X axis start and X
axis stop become active. Enter start and stop values in the same units as the resulting curve.

To construct the 2-D curve, set each item on the popup in turn and click on WRITE.

Depth is always computed as distance from the top of the selected material layer and occurrence.
Depth starts from 0 and increases through the material.
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5.3: Customized Extract Statements

In addition to the simple curve primitives shown on the popup, you can edit the input deck directly to
make customized curves. Examples include extracting maxima and minima on the curve, combining
axes using a function definition, looking at slopes of tangent lines, intercepts of sloped lines. The
EXTRACT syntax is described below, followed by examples of process extraction. See the examples listed
under Section 5.4: “Device Extraction” for more information.

5.3.1: Extract Syntax

Text inside matching pairs of /* and */ delimiters are comments. These are used to clarify the
meaning of the syntax and also as definitions for the most primitive types, such as <QSTRI NG>.

The backslash character (\ ) at the end of a line indicates a continuation line.

Many of the optional parameters (the ones enclosed in square brackets) have default values. Some of
these defaults are given immediately after they appear. Others appear in more than one place and so
are collected at the end.

Description
<EXTRACT_STATEMENT> :

<EXTRACT S| NGLE LI NE_GENERAL>
<EXTRACT_MULTI PLE_LI NE_GENERAL>
<EXTRACT 2D MAX_M N_CONC>
<EXTRACT _TI VB>

<EXTRACT_SI MPLE>

<EXTRACT_SI NGLE_LI NE_GENERAL> :
[extract init infile=QSTR NG|

/* In default of the above line, a tenporary structure file representing
the current state of the device will be constructed. */

extract [name=<QSTRI NG>] <EXTRACT S| NGLE_LI NE_PARTI CULAR> \
[ dat af i | e=<QSTRI NG>] [ hi de]

<EXTRACT_MULTI PLE_LI NE_GENERAL> :
[extract init infile=<@TR NG|

/* In default of the above line, a tenporary structure file representing the
current state of the device will be constructed. */

extract start <EXTRACT_MULTI PLE LI NE_SETUP_N>

[extract cont <EXTRACT MULTIPLE LINE SETUP N> ...]
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/* zero or nmore instances of the extract cont |ine may appear. */

extract done [name=<@STRI NG>] <EXTRACT_MULTI PLE LI NE_DONE_N> \
[dat af i | e=<QSTRI NG>] [ hi de]

/* There are five pairs of definitions for<EXTRACT_MILTI PLE LI NE_SETUP_N>

and <EXTRACT_MULTIPLE LINE DONE N>, with Nreplaced by 1, 2, 3, 4 or 5.

El ements fromdifferent pairs (ones with different values of N nust NOT
appear in the sane statenent. */

<EXTRACT_2D MAX_M N_CONG> :
[extract init infile=<@TRI NG|

/* In default of the above line, a tenporary structure file representing the
current state of the device will be constructed. */

extract [name=<QSTRI NG>] 2d.max.conc | 2d. mn.conc [interpol at e] \
[<I MPURI TY>] [ <MATERI AL>] [ mat. occho=<EXPR>] \
[ m n. v=<EXPR>] [ max. v=<EXPR>] \
[ x. max=<EXPR> x. m n=<EXPR> y. max=<EXPR> y. m n=<EXPR> |

y. max=<EXPR> y. m n=<EXPR> r egi on=<QSTR NG>] \

[dat af i | e=<Q@STRI NG>] [ hi de]
[extract [x_pos_name=<(STRI NG>] Xx. pos
extract [y_pos_name=<@STRI NG>] vy. pos]

[* x_pos_name and y_pos_narme will default to the name in the main extract
statenent, with "X position"” and "Y position appended respectively. */

<EXTRACT_TI ME> :

extract [nanme=<QSTRING>] clock.tine [start_ti nme=<EXPR>] \
[dat af i | e=<QSTRI NG>]

<EXTRACT_SI MPLE> :

extract [nane=<QSTRI NG| <EXPR> [dat afi | e=<@STRI NG>]

<EXTRACT_SI NGLE_LI NE_PARTI CULAR> :

<CURVE_FUNC> (<CURVE_SI NGLE_LINE>) [outfil e=<CSTR NG|
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<EXTRACT _MULTI PLE_LI NE_DONE_5>

t hi ckness [m n. v=<EXPR>] [max.Vv=<EXPR>] [<MATERI AL>] [ nmat.occno=<EXPR>] \
[ x. val =<EXPR> | y.val =<EXPR> | regi on=<QSTR NG|

Xj [mn.v=<EXPR>] [ nmax.v=<EXPR>] [<MATERI AL>] [ mat.occno=<EXPR>] \
[ x.val =<EXPR> | vy.val =<EXPR> | regi on=<QSTRI N&>] []j unc. occho=<EXPR>]

surf.conc [ m n. v=<EXPR>] [max.v=<EXPR>] [<MATERI AL>] [nmat.occno=<EXPR>] \
[x.val =<EXPR> | y.val =<EXPR> | regi on=<@STRI N&] [<I MPURI TY>]

ldvt [ptype | ntype] [m n.v=<EXPR>] [max.v=<EXPR>] \
[ bi as=<EXPR>] [bias.start] [bias.stop=<EXPR>] [bi as. st ep=<EXPR>] \
[ vb=<EXPR>] [tenp.val =expr] [soi] [qgss=<EXPR>] [ workfunc=<EXPR>] \

[ x. val =<EXPR> | y.val =<EXPR> | regi on=<QSTR NG|

/* Default values : ptype, vb=0.0, gqss=0 */

max.conc | mn.conc [<IMPURITY>] [<MATERI AL>] [mat.occno=<EXPR>] \
[ regi on. occno=<EXPR>]

/* region.occno will default to all regions. */

2d.conc.file [<IMPURITY>] [<NMATERI AL>] [ mat. occho=<EXPR>] \
[ x. max=<EXPR> x. m n=<EXPR> y. max=<EXPR> y. m n=<EXPR>

max.conc.file | mn.conc.file [<I MPURITY>] [<MATERI AL>] [xstep=<EXPR>] \
[ x. max=<EXPR> x. m n=<EXPR> y. max=<EXPR> y. m n=<EXPR>

max. bound | mn.bound x.val =<EXPR> | vy. val =<EXPR> \
[ mn. v=<EXPR>] [ nax.v=<EXPR>] [ MATERI AL] [ nat.occno=<EXPR>]

max. bound | mn.bound x.pos | y.pos xval=<EXPR> y.val =<EXPR> \
[ MATERI AL] [ m n. v=<EXPR>] [ max.v=<EXPR>]
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2d.area [<I MPURI TY>] [X.step=<EXPR>] [m n.v=<EXPR>] [nmax.Vv=<EXPR>] \
[ x. max=<EXPR> x. m n=<EXPR> y. max=<EXPR> y. m n=<EXPR> |
y. max=<EXPR> y. m n=<EXPR> r egi on=<QSTR NG>]

/* Default value : x.step = 10% of device size */

<CLRVE_FUNC> ( <CURVE_ARG>)

<CURVE_ARG>

mn (<CURVE_ARG>)

/* Returns miny val for curve. */

max ( <CURVE_ARG>)

/* Returns max y val for curve. */

ave (<CURVE_ARG>)

/* Returns average value for curve. */

slope | xintercept | yintercept (maxslope | mnslope (<CURVE_ARG))

/* Takes the tangent to the curve with either the | east or the greatest
slope and returns either the slope of this tangent, or its x intercept,
or its y intercept. */

area from (<CURVE_ARG>) [where x.m n=<EXPR> and X. max=<EXPR>]

/* Determnes the area under the specified curve between the x limts
defined by the mn and max expressions. */

x.val from (<CURVE_ARG>) where y.val =<EXPR> [and val . occno=<EXPR>]

y.val from (<CURVE_ARG>) where x.val =<EXPR> [and val . occno=<EXPR>]

/* Determnes the x (or y) ordinate on the curve where the correspondi ng

y (or x) ordinate is equal to the constant expression for the occurence
specified. Linear interpolation is used between points on the curve.*/

grad from (<CURVE_ARG>) where x.val =<EXPR> | vy. val =<EXPR>
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/* Determnes the gradient at the first x (or y) ordinate on the curve where
the corresponding y (or x) value is equal to the consent expression.
Linear interpolation is used between points on the curve.*/

<CURVE_SI NGLE_LI NE> :

curve (<AXI'S FUNC> (bias), \

<AXI S_FUNC> (1dcapacitance [vg=<EXPR>] [vb=<EXPR>] [ bi as. ranp=vg| vb]\
[ bi as. st ep=<EXPR>] [ bi as. st art =<EXPR>] \
[ bi as. st op=<EXPR>] [t enp. val =expr] [ soi ][ qss=<EXPR>]
[ wor kf unc=<EXPR>]
[ x. val =<EXPR> | y.val =<EXPR> | regi on=<CSTRI N&G>]

)
[, xm n=<EXPR> xnax=<EXPR>]
)

— — — -

/* Default values : vg=0.0, vb=0.0, bias.ranp=vg, gss=0 */

curve (<AXI'S FUNC> (depth), \
<AXI'S_FUNC ([ <I MPURI TY>] [<MATERI AL>] [ nat.occno=<EXPR>] \
[ x. val =<EXPR> | y.val =<EXPR> | regi on=<CSTRI NG>] \
) \
[, xm n=<EXPR> xnax=<EXPR>] \
)

curve (<AXI S FUNC> (depth), \
<AXI'S FUNC> (srp \
[material ="silicon"|"polysilicon"] [mat.occno=<EXPR>]\
[ x. val =<EXPR> | y.val =<EXPR> | regi on=<CSTRI NG>] \
) \
[, xm n=<EXPR> xmax=<EXPR>] \
)

curve (<AXI S_FUNC (<DEV_AX S>), \
<AXI S FUNC> (<DEV_AXI S>) \
[, xm n=<EXPR> xmax=<EXPR>] \
)

deriv (<AXI'S FUNC> (<DEV_AXI S>), \
<AXI' S FUNC> (<DEV_AXI S>) \
[, <I NTEGER>] \
)

/* The integer is of course the nth derivative and its default value is 1.*/
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edcurve (<DEFOCUS _AXI S>,

<CRI TI CAL_DI MENSI ON_AXI S>,

dev=<EXPR> dat une<EXPR> X. st ep=<EXPR>)

<AXI S_ARG>

<AXI S_ARG>
<EXPR>
<AXI S_ARG>

<AXI S_ARG>
<EXPR>
<AXI S_ARG>

<AXI S_ARG>
<EXPR>
<AXI S_ARG>

<AXI S_ARG>
<EXPR>
<AXI S_ARG>

<AXI S_ARG>
<EXPR>
<AXI S_ARG>

-<AXI' S_ARG>

<AXI S FUNC> (<AXI S_ARG>)

+ <EXPR>
+ <AXI S_ARG>
+ <AXI S_ARG>

<EXPR>
<AXI S_ARG>
<AXI S_ARG>

<EXPR>
<AXI S_ARG>
<AXI S_ARG>

<EXPR>
<AXI S_ARG>
<AXI S_ARG>

<EXPR>
<AXI S_ARG>
<AXI S_ARG>

abs (<AXI S _ARG)
log (<AXI S _ARG)
| 0g10(<AXI S_ARG>)
sqrt (<AXI S_ARGY)
atan (<AXI S_ARG)

<EXPR> :

<NUMBER>

$vari abl e |

/* deckbui |l d set variable,

expr + expr
expr - expr
expr |/ expr

$"vari abl e"

<DOSE_AXI S>,

see section 5.8.2: Variable Substitution */
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expr * expr

(expr)
- expr

<EXTRACT_MULTI PLE_LI NE_SETUP_1> :
<EXTRACT_MULTI PLE_LI NE_SETUP_A>
<EXTRACT_MULTI PLE_LI NE_DONE_1> :
<CURVE_FUNC> ( <CURVE_MULTI PLE LI NE_1>) [outfil e=<QSTR NG>]
<CURVE_MULTI PLE_LI NE_1> :

curve (<AXI'S FUNC> (bias),

<AXI' S FUNC> (1dj unc. cap [ <MATERI AL>] [ nat.occno=<EXPR>]
[ regi on. occno=<EXPR>] [j unc. occno=<EXPR>]
[tenp. val =<EXPR>] [ soi ] [ gss=<EXPR>] [ wor kf unc=<EXPR>]
[y. val =<EXPR>| x. val =<EXPR>| r egi on=<(STR NG>]

)
[, xm n=<EXPR> xnax=<EXPR>]
)

o e o e o —

<EXTRACT_MULTI PLE_LI NE_SETUP 2> :
<EXTRACT_MULTI PLE_LI NE_SETUP_A>
<EXTRACT_MULTI PLE_LI NE_DONE_2> :
<CURVE_FUNC> ( <CURVE_MULTI PLE_LI NE_2>) [outfile=<QSTR NG>]
<CURVE_MULTI PLE_LI NE_2>:

curve (<AXI'S FUNC> (bi as),

<AXIS FUNC> ([p.ion | n.ion] [<NMATER AL>] [mat.occno=<EXPR>]
[ regi on. occno=<EXPR>] [ unc. occno=<EXPR>]
[tenp. val =<EXPR>] [ soi ] [ gss=<EXPR>] [ wor kf unc=<EXPR>]
[y.val =<EXPR> | x.val =<EXPR> | regi on=<CSTRI NG>]
[ anl=<EXPR>] [an2=<EXPR>] [bnl=<EXPR>] [bn2=<EXPR>]
[ apl=<EXPR>] [ap2=<EXPR>] [bpl=<EXPR>] [ bp2=<EXPR>]
[ bet an=<EXPR>] [ bet ap=<EXPR>] [ egr an=<EXPR>]

) \
[, xm n=<EXPR> xnmax=<EXPR>] \
)

o o e e e e —

/* Default value : p.ion

anl=2. 03e5, an2=7.03e5, bnl=1.231e6, bn2=1.231e6,
apl=6. 71e5, ap2=1.582e6, bpl=1.693e6, bp2=2. 036€6,
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bet an=1. 0, betap=1.0, egran=4e5

See Appendi x A5: Threshol d Vol t age Cal cul ati on. */

<EXTRACT_MULTI PLE_LI NE_SETUP 3> :

<EXTRACT_MULTI PLE_LI NE_SETUP_A> | <EXTRACT_MULTI PLE_LI NE_SETUP_B>
<EXTRACT_MULTI PLE_LI NE_DONE_3> :

<CURVE_FUNC> ( <CURVE_MULTI PLE_LI NE_3>) [outfile=<QSTR NG>]
<CURVE_MULTI PLE_LI NE_3> :

curve (<AXI'S FUNC> (bias),
<AXI S FUNC> (1dsheet.res | 1dp.sheet.res | 1dn.sheet.res |

—

ldconduct | 1dp. conduct | 1dn. conduct \
[material ="silicon" | "polysilicon"] \
[ regi on. occno=<EXPR>] [ mat.occho=<EXPR>] \
[y.val =<EXPR> | x.val =<EXPR> | regi on=<CSTRI NG>] \
[ wor kf unc=<EXPR>] [soi] [sem .poly] [inconplete] \
[t enp. val =<EXPR>] \
) \
[, xm n=<EXPR> xnmax=<EXPR>] \
)
<EXTRACT_MULTI PLE_LI NE_SETUP_4> :
<EXTRACT_MULTI PLE_LI NE_SETUP_A> | <EXTRACT_MULTI PLE_LI NE_SETUP_B>
<EXTRACT_MULTI PLE_LI NE_DONE 4> :
<CURVE_FUNC> (<CURVE_MULLTI PLE_LI NE_4>) [outfil e=<QSTRI N&|
<CURVE_MULTI PLE_LI NE_4> :
curve (<AXI'S FUNC> (bias), \
<AXI' S FUNC> (n. conc | p.conc | n.afl | p.afl |
intrinsic | potential | nmobility | p.nmobility |
efield | econductivity \
[material ="silicon" | "polysilicon"] \
[ regi on. occno=<EXPR>] [ mat. occno=<EXPR>] \
[y.val =<EXPR> | x.val =<EXPR> | regi on=<CSTRI NG>] \
[ wor kf unc=<EXPR>] [soi] [sem .poly] [tenp.val =<EXPR>] \
) \
[, xm n=<EXPR> xnmax=<EXPR>] \

)
<EXTRACT_MULTI PLE_LI NE_DONE_5> :
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sheet.res| p. sheet.res| n. sheet.res| conduct | p. conduct | n. conduct \

[material ="silicon"|"polysilicon"][regi on. occno=<EXPR>] \

[ mat . occnho=<EXPR>] \

[y.val =<EXPR> | x.val =<EXPR> | regi on=<QSTRI N&| \

[ wor kf unc=<EXPR>] [soi] [sem .poly] [inconplete] [tenp.val =<EXPR>]
<EXTRACT_MJULTI PLE_LI NE_SETUP_5>

<EXTRACT_MULTI PLE_LI NE_SETUP_A> | <EXTRACT_MULTI PLE_LI NE_SETUP_B>

<EXTRACT_MULTI PLE_LI NE_SETUP_A> :
[ <MATERI AL>] [ mat. occno=<EXPR>] [regi on. occho=<EXPR>] \

[ bi as=<EXPR>] [bi as. st art =<EXPR>] [ bi as. st ep=<EXPR>] [ bi as. st op=<EXPR>] \
[y.val =<EXPR> | x.val =<EXPR> | regi on=<QSTR NG|

<EXTRACT_MJULTI PLE_LI NE_SETUP_B>
[interface. occno=<EXPR>] [ qss=<EXPR>]

/* Default value : gss=1el0 */

<DEV_AXI S>
v. "<el ectrode>" /* voltage at el ectrode */
i."<el ectrode>" /* current at el ectrode

c."<el ectrodel>""<el ectrode2>" /* capacitance between

el ectrodel and el ectrode2 */

g. "<el ectrodel>"""<el ectrode2>" /* conductance between
el ectrodel and el ectrode2 */

vint."<el ectrode>" /* internal voltage at el ectrode */

time /* transient time */

tenperature | tenp /* device tenperature */

frequency | freq /* frequency */

beam " <beam no>" /* light intensity for specified beam*/

s. i magi nary. " <Mode>" /* imagi nary conponent of specified “S’ code*/
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s.real . " <Mode>" /* real component of specified “S’ code */
h. i magi nary. " <Mbde>" /* imagi nary conponent of specified “H code*/
h. real . "<Mode>" /* real component of specified “H code */
i e."<el ectrode>" /* electron current */

g. "<el ect r ode>" /* charge */

i d."<el ectrode>" /* displacenment current */

i real."<el ectrode>" /* real conmponent of current */

iimag. " <el ectrode>" /* imagi nary conmponent of current */

i fn."<el ectrode>" /* fow er nordhiemcurrent */

i he. "<el ect r ode>" /* hot electron current */

i hh. " <el ect r ode>" /* hot hole electron current */

wf d. " <el ect r ode>" /* wor kfunction difference */

ri."<el ectrode>" /* lunped resistance */

cl . "<el ectrode>" /* lunped capacitance */

I'l."<el ectrode>" /* lunped inductance */

vccet . node. "<circuit node>" /* circuit bias */

i cct.node."<circuit node>" /* circuit current */

rhoe. "<l ayer >" /* El ectron sheet resistance for |ayer */
rhoh. "<l ayer >" /* Hol e sheet resistance for |ayer */

rho. "<l ayer>" /* Total sheet resistance for |ayer */

vl ayer. "<l ayer >" /* Bias on |layer */

sm " <node>" /* Photon density node */

pm " <rmode>" /* Laser power per mrror node */

gm " <node>" /* Gin node */

vccet.real . "<circuit node>" /* Real circuit bias */

vcet.imag. "<circuit node>" /* Imaginary circuit bias */
icct.real."<circuit node>" /* Real circuit current */
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icct.imag."<circuit node>" /* Imaginary circuit current */
abcd. real . " <mode>" /* ABCD real paraneter */

abcd. i nag. " <nmode>" /* ABCD i magi nhary paraneter */
y.real . " <node>" /* Y real parameter */

y. i mag. " <node>" /* Y imaginary parameter */

z.real . " <nmode>" /* Z real parameter */

Z. i mag. " <node>" /* Z imaginary parameter */

pr obe. " <pr obe nane>" /* Atlas probe val ues */

el ect . " <PARAMETER> /* Value for specified electrica

parameter */

<PARANVETER> :
tinme
Iight frequency
freq
frequency
tenp
tenperature
current gain
uni | ateral power
gai n frequency
max transducer power gain
| um nescent power
| um nescent wavel ength
optical source frequency
avai |l abl e photo current
sour ce photo current

optical wavel ength
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position xhole nmobility
time step nagnitude

time step nunber

total integration time
cutof f frequency

di stance along line
normintensity

integrated e- conc

i ntegrated h+ conc
channel sheet conductance
phot on ener gy

photon density gain

spont aneous em ssion rate
electron nmobility

hol e current generation rate
lattice tenp

electric field

reconbi nation rate

di spl acenment current

el ectron conc

hol e conc

el ectron tenp

hol e tenp

relative permtivity

potenti al

<DEFOCUS_AXI S>

da. val ue" DEFOCUS" | da. val ue" <CURVE_NUMBER>"" DEFOCUS'
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<CRI TI CAL_DI MENSI ON_AXI S> :

da. val ue" CDs" | da. val ue" <CURVE_NUVBER>"" CDs"
<DOSE_AXI S> :
da. val ue" DOSE" | da. val ue" <CURVE_NUVBER>"" DOSE"

<CURVE_NUMBER> :

/* Integer specifying which curve when rmultiple curves are present in a
DA format file. */

<MATERI AL>

Silicon

xi de

S 02

xynitride

N tride

Si ~3N~4

Pol ysi licon
Phot or esi st
Barrier

Al um num
Tungst en

Ti tani um

Pl ati num

Cobal t

Tungsten Silicide
Titanium Si lici de
Plati num Silicide
Cobalt Silicide
GAs

Al GaAs

I nGaAs

S G

I nP

6H Si C

4H Si C

3C-SiC

Ger mani um

mat er i al =<QSTRI NG

<I MPURI TY>

Bor on
Phosphor us
Arsenic
Bf 2
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Ant i nony
Silicon

Zi nc

Sel eni um
Beryl I'i um
Magnesi um
Al um num
Gl i um
Car bon

I ndi um
Chrom um
Ger mani um
i mpurit y=<QSTRI NG

<NUMVBER>

/* Real or integer
<@BTRI NG> :

/* Quoted string,

5.3.2: DEFAULTS

The following default values will be assumed.

nane=<(STR N&G>
<NVATERI AL>

<| MPURI TY>

mat . occno=<EXPR>
j unc. occho=<EXPR>

regi on. occno=<exXPR>

i nterface. occno=<EXPR> :

val . occno=<EXPR>
dat af i | e=<QSTRI N&
out fil e=<QSTRI NG
bi as. st ep=<EXPR>

bi as. st art =<EXPR>

val ue. */

for exanple, "silicon". */

nanme=None
materi al ="silicon"

i mpurity="net dopi ng"
mat . occno=1

j unc. occno=1
regi on. occno=1

i nterface. occno=1

val . occno=1
datafile="results.final"
outfile="extract.dat"
bi as. st ep=0. 25

bi as. start=0.0
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bi as. st op=<EXPR> . bias.stop=5.0
t enp. val =<EXPR> . tenp.val =300. 0
soi : FALSE

sem . poly . FALSE

i nconpl ete . FALSE

x.val =<EXPR> | y.val =<EXPR> | regi on=<@STRING> : x.val is set to be 5%from
| eft-hand side of structure.

5.3.3: Examples of Process Extraction

Note: You can enter ext r act commands on multiple lines using a backslash character for continuation. The syntax,
however, shown below should be entered on a single line although shown on two or more lines.

The following examples assume to be extracting values from the current simulation running under
DECkKBUILD. You can use saved standard structure files directly with ext r act using the syntax below.

extract init infile="fil enane"
Material Thickness

Extract the thickness of the top (first) occurrence of Silicon Oxide for a 1D cutline taken where Y=0. 1
(Assume 2D structure). A warning is then displayed if results cross boundaries set by max.v and
mn. v.

extract nanme="tox" thickness nmaterial ="Si O-2" nmat.occno=1 y.val =0.1 mn.v=100
max. v=500

oxi de can be substituted for the mat eri al =" Si O-2".
Junction Depth

Extract the junction depth of the first junction occurrence in the top (first) occurrence of silicon for a
1D cutline taken where X=0. 1.

extract nane="j1 depth" xj material ="Silicon" nat.occno=1 x.val =0.1 junc.occno=1
Surface Concentration

Extract the surface concentration net doping for the top (first) occurrence of silicon for a 1D cutline
taken for an X value corresponding to the gate contact/region for loaded MASKVIEWS cutline data.

extract name="surface conc" surf.conc inpurity="Net Doping" naterial ="Silicon"
mat . occno=1 regi on="gate"

QUICKMOS 1D Vit

Extract the 1D threshold voltage of a p-type MOS cross section at x=0. 1 using the built-in QUICKMOS
1D device simulator. This example uses a default gate bias setting of 0-5V for a 0.25V step with the
substrate at 0V and a default device temperature of 300 Kelvin. Values of QSS and gate workfunction
have also be specified.

extract name="1D Wt" 1ldvt ptype gss=1el0 wor kfunc=5.09 x.val =0.1
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This 1D Vt extraction will calculate the 1D threshold voltage of an n-type MOS cross section at X=0. 1,
where a gate voltage range (0.5-20V) was specified while the substrate (Vb) is set at 0.2V. The device
temperature has been set to 350 Kelvin.

extract name="1D Wt 0-20v" 1dvt ntype bias=0.5 bi as. step=0.25 bhi as. st op=20.0
vb=0. 2 tenp.val =350.0 x.val =0.1

Sheet Resistance and Sheet Conductance

Note: For sheet conductance extraction substitute “ sheet . r es” with “ conduct ” (e.g., conduct, p.conduct, n.conduct).

Extract the total sheet resistance of the first p-n region in the top (first) occurrence of polysilicon for a
cutline at X=0. 1. Polysilicon is treated as a metal by default but is flagged here as a semiconductor
(sem . pol y). The default device temperature of 300 Kelvin and no layer biases will be used and the
incomplete ionization flag is also set for carrier freezeout calculations (see “Incomplete Ionization Of
Impurities” physics section within the ATLAS manual).

extract nanme="Total SR' sheet.res material ="Polysilicon" mat.occno=1 x.val =0.1
regi on. occno=1 sem.poly inconplete

Extract the n-type sheet resistance of the second p-n region in the top (first) occurrence of silicon for a
cutline at X=0. 1, where the second region is held at 4.0V and the device temperature is set to 325
Kelvin. These commands use the start/cont/done syntax to create a multi-line statement as
described in Section 5.8: “Extract Features”.

extract start material ="Silicon" mat.occno=1 regi on.occno=2 bias=4.0 x.val =0.1
extract done name="N-type SR' n.sheet.res material ="Silicon" nat.occno=1
tenp. val =325 x. val =0. 1 regi on. occno=2

The following multi-line statement extracts the p-type sheet resistance of the first p-n region in the top
(first) occurrence of silicon for a cutline at x=0. 1, where the first region is held at 5.0V. The second
region is held at 1.0V and the first interface Qss value equal to 1e10.

extract start material ="Silicon" mat.occno=1 regi on.occno=1 bias=5.0 x.val =0.1
extract cont material ="Silicon" mat.occno=1 region.occno=2 bias=1.0 x.val =0.1
extract cont interface.occno=1 gss=1.0el0

extract done nanme="P-type SR' p.sheet.res material ="Silicon" nat.occno=1

x.val =0. 1 regi on. occho=1

Note: This is an example of the multi-line “ st art / cont i nue/ done” type of statement used to specify layer biases and
Qss values. It is recommended that you always let the Extract popup write this particular syntax. The Qss value also
specifies the material interface occurrence involved, counting from the top down. There can be any number of
additional “ cont i nue” lines to specify the biases on other layers and the Qss values of other interfaces; the last
line, “ done™ , does the actual extraction.

1D Max/Min Concentration

Extract the peak concentration of net doping within the first p-n region of the top (first) layer of silicon
for a 1D cutline at x=0. 1.

extract nane="Max 1d Net conc" max.conc inpurity="Net Doping" material ="Silicon"
mat . occno=1 x.val =0. 1 regi on. occno=1

Extract the peak concentration of phosphorus within any p-n regions (default) for all materials using a
1D cutline at x=0. 1.

extract nanme="Max 1d phos conc" max.conc inpurity="Phosphorus” material ="Al"
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x.val =0. 1

Extract the minimum concentration of boron within any p-n regions of the top (first) layer of silicon for
a 1D cutline at x=0. 1.

extract name="Mn 1d bor conc" mn.conc inmpurity="Boron" material="Silicon"
mat . occno=1 x.val =0.1

2D Max/Min Concentration

Extract the peak concentration of net doping for the entire 2D structure.
extract name="Max 2D net conc" 2d. max.conc inpurity="Net Doping" material ="Al"
Extract the peak concentration of boron within the silicon material in the 2D “box” limits defined.

extract name="Max 2D bor conc" 2d. max.conc inpurity="Boron" naterial ="Silicon"
y.mn=0.1 y. max=0. 9 x. m n=0. 2 x. nax=0. 6

In addition to this statement, you can add the i nt er pol at e flag. When present, this flag causes the
extraction to perform interpolation at the edges of the specified bounding box for min/max
concentration and position.

Extract the minimum concentration of phosphorus for all materials within the 2D “box” limits. These
limits are defined by user-defined y coordinates and x values corresponding to loaded MASKVIEWS
cutline information for the specified electrode or region.

extract name="M n 2D phos conc" 2d.m n. conc i npurity="Phosphorus" material ="Al|"
region="gate" y.mn=0.1 y. max=0.9
The following multi-line extract command measures the minimum concentration of antimony for the

entire 2D structure and return the x-y coordinates of the extracted concentration.

extract name="Mn 2D ant conc" 2d.m n.conc inpurity="Antimony" material ="All"
extract name="Mn 2D ant conc X position" X.pos
extract name="Mn 2D ant conc Y position" y.pos

Note: The x-y position syntax must directly follow the 2D concentration extraction (same as st ar t /cont i nue/done
syntax). We advise you to use the Extract popup to create these statements.

2D Concentration File

The output file contains data of the format x y ¢, where c is the value of concentration at the
coordinates xy. The following example extracts the boron concentration in Silicon for the whole
structure.

extract 2d.conc.file material ="silicon" inpurity="boron" outfile="conc.dat"
1D Material Region Boundary

Extracting the maximum Y boundary (upper side) location of the first occurrence of silicon material for
a 1d cutline taken at X=2.

extract name="max_y" nax.bound material ="silicon" x.val =2 mat.occnho=1

Extracting the minimum X boundary (left side) location of the second occurrence of polysilicon
material for a 1d cutline at Y=3.

extract name="m n_x" mn.bound material ="polysilicon" y.val =3 mat. occno=2
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2D Material Region Boundary

Extracting the minimum X boundary (left side) location of the photoresist material region at XY
coordinates (7.6, -1.2).

extract name="m nx" m n. bound Xx.pos material ="photoresist" x.val=7.6
y.val =-1.2

Extracting the maximum Y boundary (upper side) location of the photoresist material region at XY
coordinates (5.2, 0).

extract name="maxy" max.bound y.pos material ="photoresist" x.val =5.2 y.val =0
2D Concentration Area

Integrates the Boron concentration within the specified “box” limits, using a cutline step of 0.05
microns.

extract name="lint_area" 2d.area inpurity="Boron" x.step=0.05 x.m n=0.01
y. mn=0. 23 x. max=0. 6 y. nax=0. 45

In addition to this statement, you can add the i nt er pol at e flag. When present, this flag causes the
extraction to perform interpolation at the edges of the specified bounding box for min/max
concentration and position.

Integrates the Phosphorus concentration for the whole 2D structure using a cutline step of 0.03
microns.

extract name="devi ce_area" 2d.area inpurity="Phosphorus" x.step=0.03

Note: The x.step refers to the number of 1d cutlines used to obtain the 2d area. For a device with an X axis of 7 microns, an
x.step of 1 would result in 8 cutlines being used at 1 micron intervals.

2D Maximum Concentration File

Creates a Data format file plotting the position of the maximum potential, in silicon material only, for
the whole 2D structure. A maximum potential Y position is found for every X step of 0.1 microns.
These Data format files can be loaded into ToNYPLOT (-ccd) to represent a line of maximum
concentration across a device.

extract name="Total nax_pot" nax.conc.file inpurity="potential" x.step=0.1
material ="silicon" outfile="total conc.dat"

Creates a Data format file plotting the position of the maximum potential, in any material, for the
specified “box” limits. A maximum potential Y position is found for every X step of 0.2 microns.

extract name="limt_nax_pot" nmax.conc.file inpurity="potential"
X.step=0.2 outfile="limtconc.dat" x.mn=0 x.max=7 y.m n=0 y. max=0. 09

Note: The x.step does not refer to cutlines but to the number of X coordinates used. A value of 1 representing stepping 1
micron in X for every max Y value calculated.

QUICKMOS CV Curve

Extract a MOS CV curve, ramping the gate from 0 to 5 volts, with 0 volts on the backside and the
device temperature set at 325 Kelvin (default 300 K). This example creates a curve that is stored in file
cv. dat and can be shown using TONYPLOT. To bring up TONYPLOT on this file, an easy way is to
highlight the file name and then click on DECKBUILD’S Tools button. TONYPLOT starts and loads with the
file automatically.
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extract name="CV curve" curve(bi as, 1dcapacitance vg=0.0 vb=0.0 bi as. ranp=vg
bi as. st ep=0. 25 bi as. stop=5.0 x.val =0.1 tenp.val =325) outfile="cv.dat"

To get the maximum capacitance for the same curve, insert the keyword max (by editing the syntax
created by the popup). Notice that in this example, a single value is being extracted from a curve, not
the curve itself. You still, however, store the curve used during the calculation into an output file,
which is always the case.

extract name="CV curve Max cap" max(curve(bi as, ldcapacitance vg=0.0 vb=0.0
bi as. ranp=vg bi as. st ep=0. 25 bi as. stop=5.0 x.val =0.1 tenp. val =325))
outfile="cv.dat"

To find what the capacitance was at voltage 4.3 volts, use the following syntax:

extract nanme="MOS capacitance at Vg=4.3" y.val from curve(bi as, 1dcapacitance
vg=0. 0 vb=0. 0 bi as. ranp=vg bi as. st ep=0. 25 bi as. stop=5.0 x.val =0.1 tenp. val =325)
where x.val = 4.3

The general form of this syntax is

extract y.val from curve(xaxis, yaxis) where x.val =nunber _on_xaxi s
and:

extract x.val from curve(xaxis, yaxis) where y.val =nunber _on_yaxi s

where xaxi s and yaxi s will determine the actual curve. The syntax for this example was created by
using the popup to write the syntax for the CV curve, and then adding the y. val ... where x. val
syntax in the input deck.

For more examples on how to manipulate curves, see the examples in Section 5.4: “Device Extraction”.
Junction Capacitance Curve

Extract a curve of junction capacitance against bias where the first region in the top (first) layer of
silicon is ramped from 0 to 5V. Capacitance of the first junction occurrence (upper) is measured and the
resultant curve is output to the file Xj V. dat . Device temperature is default (300 Kelvin). If only one
junction exists for the selected region, you must use then a junction occurrence of one (upper).

extract start material ="Silicon" mat.occno=1 bias=0.0 bi as. st ep=0. 25

bi as. st op=5.0 x.val =0. 1 regi on. occno=1

extract done nanme="Junc cap vs bias" curve(bias, 1djunc.cap material ="Si|icon"
mat . occno=1 x.val =0. 1 regi on. occno=1 junc.occno=1) outfile="X V.dat"

Extract the minimum junction capacitance on the created junction capacitance against bias curve. The
second region in the top (first) layer of silicon is ramped from 0 to 3V and the capacitance of the second
junction occurrence (lower) is measured. Device temperature is set for calculations to be 325 Kelvin.
The resultant curve is output to the file Xj Vm n. dat , while the extracted minimum value is logged to
the default results file (resul ts. final ).

extract start nmaterial ="Silicon" mat.occno=1 bias=0.0 bias. step=0.25
bi as. st op=3. 0 x.val =0. 1 regi on. occno=2

extract done name="Junc cap vs bias" m n(curve(bias, 1dj unc. cap
material ="Silicon" mat.occno=1 x.val =0.1 regi on. occno=2 junc. occno=2
tenp. val =325)) outfile="X Vm n. dat"

Note: The junction occurrence is only valid for the specified region. In other words, there is only a maximum of two possible
junctions for the specified region.
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Junction Breakdown Curve

Extract a curve of electron ionization integral against bias where the first region in the top (first) layer
of silicon is ramped from 0 to 5V and device temperature is set to be 325 Kelvin. The resultant
breakdown curve is output to the file Noreakdown. dat. See the “Impact” command section and
“Impact Ionization” physics section in the ATLAS USER'S MANUAL for the Selberherr model used in
calculation.

extract start material ="Silicon" mat.occno=1 bias=0.0 bi as. st ep=0. 25
bi as. st op=5.0 x.val =0. 1 regi on. occno=1
extract done name="N Breakdown “curve(bias,n.ion material ="Silicon" nat.occno=1
x.val =0. 1 regi on. occno=1 tenp. val =325)
outfil e="Noreakdown. dat"

The following extraction creates a curve of hole ionization integral against bias, and calculates the
breakdown voltage corresponding to the point where the hole ionization integral intercepts 1.0. The
second region in the top (first) layer of silicon is ramped from 0 to 20V and the device temperature is
set to the default of 300 Kelvin. The resultant breakdown curve is output to the file Pbr eakdown. dat
and the breakdown voltage is appended to the default results file (resul ts. fi nal ).

extract start material ="Silicon" mat.occno=1 bi as=0.0 bi as. st ep=0. 50
bi as. st op=20. 0 x.val =0.1 regi on. occno=2
extract done nane="P intercept" x.val from curve(bias,p.ion nmaterial ="Silicon"
mat . occno=1 x.val =0. 1 regi on. occno=2) where y.val =1.0
outfil e="Pbreakdown. dat"

You can modify the selberherr model parameters using the syntax below. For more information, see
Appendix A: “Models and Algorithms”.

extract start material ="Silicon" mat.occno=1 bi as=0.2 bi as. st ep=0.08

bi as. st op=5.0 x.val =0. 3 regi on. occ=2

extract done name="iiP' curve(bias, p.ion material ="Silicon" nat.occno=1
x.val =0. 3 regi on. occno=2 egran=4. 0e5 bet ap=1.0 betan=1.0

an1=7.03e5 an2=7.03e5 bnl=1.231e6 bn2=1.231e6 apl=6.71le5 ap2=1. 582e6
bpl=1. 693e6 bp2=1. 693e6) outfil e="extract.dat"

SIMS Curve

Extract the concentration profile of net doping in the top (first) layer of silicon. The output curve is
placed into the file SI V5. dat .

extract name="SI M5" curve(depth,inpurity="Net Doping" nmaterial="Silicon"
mat . occno=1 x.val =0. 1) outfile="SI M. dat"

SRP Curve

Extract the SRP (Spreading Resistance Profile) in the top (first) silicon layer. The output curve is
placed into the file SRP. dat .

extract nanme="SRP" curve(depth, srp material s="Silicon" mat.occno=1 x.val =0.1)
outfil e="SRP. dat"

The following command will calculate the SRP (Spreading Resistance Profile) in the top (first) silicon
layer using a specified 100 etch steps of uniform size. The output curve is placed into the file
SRP100. dat .

extract nane="SRP100" curve(depth,srp material ="Silicon"
mat . occno=1 n. step=100 x.val =0.5) outfil e="srpl00. dat"
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Note: Where n. st ep is not specified, the default is 50 etch steps of variable size dependent on the gradient of net
concentration. If n. st eps is set, uniform etch steps are used.

Sheet Resistance/Conductance Bias Curves

Extract the Total sheet conductance against bias curve of the first p-n region in the top (first)
occurrence of polysilicon. Polysilicon is treated as a metal by default but is flagged here as a
semiconductor (sem . pol y). The device temperature is set to 325 Kelvin (default=300 Kelvin) and a
bias ramped from 0 to 5V on the same polysilicon region.

extract start material ="Polysilicon" mat.occno=1 bias=0.0 bias. step=0.00
bi as. st op=5.0 x.val =0. 1 regi on. occno=1

extract done name="Total SC' curve(bias, 1dconduct naterial ="Polysilicon"
mat . occno=1 tenp.val =325 x.val =0. 1 regi on. occno=1 seni . poly)
outfile="total SC dat"

Extract the n-type sheet conductance against bias curve of the first p/n region in the top (first)
occurrence of silicon where a bias ramped from OV to 5V on the same silicon region and a value of QSS
(4.0e10) is specified for the first interface occurrence.

extract start material ="Silicon" mat.occno=1 regi on. occno=1 bi as=0.0

bi as. st ep=0. 00 bi as. stop=5.0 x.val=0.1

extract cont interface.occno=1 gss=4.0el0

extract done nane="N-type SC' curve(bias, 1dn. conduct material ="Silicon"
mat . occno=1 x.val =0. 1 regi on. occno=1) outfil e="NypeSC. dat"

Extract the p-type sheet conductance against bias curve of the first p-n region in the top (first)
occurrence of silicon, where a bias ramped from 0 to 5V on the same silicon region and a bias of 2V is
held on the first region of the top occurrence of polysilicon. A value of QSS (5.0e10) is also specified for
the first interface occurrence.

extract start material ="Silicon" mat.occno=1 regi on.occno=1 bi as=0.0

bi as. st ep=0. 00 bi as. stop=5.0 x.val=0.1

extract cont material ="Polysilicon" mat.occno=1 bias=2.0 x.val=0.1
regi on. occno=1

extract cont interface.occno=1 gss=5.0el0

extract done nane="P-type SC' curve(bias, 1dp. conduct material ="Silicon"
mat . occno=1 x.val =0. 1 regi on. occno=1) outfil e="PtypeSC. dat"

The command below extracts the p-type sheet conductance against bias curve of the first and second p-
n regions in the top (first) layer of silicon, where a bias is ramped from 1V to -2V on the top (first)
polysilicon layer.

extract start material ="Polysilicon" nmat.occno=1 bias=1.0 bi as. step=-0. 05

bi as. st op=-2. 0 x.val =0.01

extract done nane="regi onl+2" curve(bias, 1dp. conduct material ="Silicon"

mat . occno=1 x.val =0. 01 regi on. occno=1 regi on. stop=2) outfile="regi onl+2. dat"

Note: For sheet resistance extraction, substitute “1dconduct” with “1dsheet.res” (i.e.,1dsheet.res, 1dnsheet.res, 1dpsheet.res).

Electrical Concentration Curve

Extract the electron distribution against depth for the top (first) layer of silicon where a bias is ramped
from 0 to 5V for the first region of the silicon and a QSS of 4.0e10 set for the first interface occurrence.
Device temperature is set at 325 Kelvin.
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extract start material ="Silicon" nmat.occno=1 regi on.occno=1 bias=0.0

bi as. st ep=0. 00 bi as. stop=5.0 x.val =0.1

extract cont interface.occno=1 gss=4.0el0

extract done nane="El ectrical conc" curve(depth,n.conc material ="Silicon"
mat . occno=1 x.val =0. 1 tenp.val =325) outfile="extract.dat"

ED Tree (Optolith)

Create a Data format file plotting a single branch of an ED tree for deviation of 10% from the datum,
the specified critical dimension (CD) value of 0.5. The x. st ep defines the defocus step to be used. 0.08
representing 8% of the total X axis range for each calculation. For each value of defocus at the specified
critical dimension deviation, the value of dose is interpolated. Therefore, the resulting curve is dose
against defocus for a critical dimension of 0.5 plus 10%.

extract name="ed+10" edcurve(da.val ue."DEFOCUS"', da.val ue."CDs",
da. val ue. "DCSE", dev=10 dat unx0.5 x.step=0.08) outf="edl10.dat"

Note: If no x. st ep is specified the actual curve defocus points are used.

Elapsed time

The timer is reset to 10 seconds, a timestamp extracted before and then after a simulation. The
elapsed time is then calculated by subtraction.

extract name ="reset clock" clock.tine start.tine = 10
extract name ="t1" clock.tine

<si mul ati on>

extract name ="t2" clock.tine

extract name="el apsed_tinme" $t2 - $t1

Note: This extraction does not measure CPU time
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5.4: Device Extraction

Device extraction always deals with a “logfile” that contains I-V information produced by a device
simulator (such as ATLAS). Therefore, it deals almost exclusively in curves. The following section show
how to construct a curve or extract values on a curve for all possible devices. For the special case of
MOS devices, both ATLAS and SMINIMOS4 have popups with a number of pre-defined MOS tests. See
Section 5.6: “MOS Device Tests” for more information.

Device extraction also deals with structure files, which contain information saved by a device
simulator (e.g., ATLAS). You can extract this information by using the process extraction syntax style
shown below. The following extracts the total electric field for silicon in a 1-D cutline, where x = 0.5 for
the loaded device structure file.

extract name="test" 2d.nmax.conc inpurity="E Field" material ="Silicon" x.val =0.5

There are some differences between the syntax used by EXTRACT and the syntax used by the ATLAS
out put command. Section 5.10: “Using Extract with ATLAS” shows these differences.

EXTRACT allows you to construct a curve using separate X and Y axes. For each axis, you can choose the
voltage or current on any electrode, the capacitance or conductance between any two electrodes, or the
transient time for AC simulations. You can either manipulate the axes individually, such as
multiplication or division by a constant, or combine axes in algebraic functions.

Note: The curve manipulation discussed is equally applicable to all curves, whether the curve came from process or device
simulation. The only type-specific syntax relates to the curve axes. For example, gate voltage can’t be extracted from a
process simulator. If you try, then a warning message will appear.

5.4.1: The Curve

The basic element is always the curve. Once the curve is constructed, it can be used as is, by saving it
to a file for use by TONYPLOT, or as an OPTIMIZER target, or it can be used as the basis for further
extraction. For details on the ext ract curve syntax, see Section 5.3.1: “Extract Syntax”.

To construct a curve representing voltage on electrode “em tter1” (on the X axis) versus current on
electrode "base2", write:

extract name="iv" curve(v."enitterl", i."base2")

The first variable specified inside the parentheses becomes the X axis of the curve. The second variable
becomes the Y axis. The v. “nhane” and i . “nane” syntax is used for any electrode name — just insert
the proper name of the electrode. The electrode name be defined previously (such as in the device deck,
or previous to that in an ATHENA input deck using the el ectrode statement, or interactively in
DEeVEDIT). Electrode names may contain spaces but must always have quotation marks.

Transient time is represented by the keyword t i ne.
extract name="It curve" curve(time, i."anode")
For Device temperature curves, use:
extract name="VdT" curve(v."drain", tenperature)
For extracting a frequency curve use:
extract name="Idf" curve(i."drain", frequency)
To extract a capacitance or conductance curve, use this syntax:
extract name="cv" curve(c."el ectrodel""el ectrode2", v."electrode3")

and
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extract nanme="gv" curve(g."el ectrodel""el ectrode2", v."electrode3")

For other electrical parameters (see Section 5.3.1: “Extract Syntax” section for valid electrical
parameters) use the following syntax:

extract nanme="1dT" curve(el ect."paraneter”,v.”drain")

An extract nane is given in each example. Although optional, it is always a good idea to name
extract statements so they can be identified later. Names are always necessary for entering an
extract statement in DECKBUILD’s OPTIMIZER, and for recognition by the VWF.

It is also possible to shift or manipulate curve axes. Each axis is manipulated separately. The simplest
form of axis manipulation is algebra with a constant.

extract nanme="big iv" curve(v."gate"/50, 10*i."drain")
You can multiply, divide, add, or subtract any constant expression to each axis.
Curve axis can also be combined algebraically, similar to TONYPLOT’s function capability:
extract nane="conbi ne" curve(i."collector", i."collector"/i."base")
All electrode values (current, voltage, capacitance, conductance) can be combined in any form this way.

Another curve type is deri v() used to return the derivative (dydx). For example, statement below will
create the curve of dydx gate bias and drain current plotted against and X axis of gate bias.

extract nane="dydx" deriv(v."gate", i."drain")
outfil e="dydx. dat"

It is also possible to calculate dydx to the nth derivative as below.

extract nanme="dydx2" deriv(v."gate", i."drain", 2)
outfil e="dydx2. dat"

To find local maxima and minima on a curve, limit the section of the curve X axis. The following
statement extracts the maximum drain current, where gate bias is between the limits of 0.5 volts and
2.5 volts.

extract name="limt" max(curve(v."gate", i."drain",x.mn=0.5
X.max=2.5)) outf="limt.dat"

In addition, there are several operators which apply to curve axes. They are as follows:

abs(axi s)
| og(axi s)
| 0ogl0(axi s)
sqrt (axis)
at an(axi s)
-axis
For instance:
extract curve(abs(i."drain"), abs(v."gate"))

The operators can be combined. For example, | 0g10( abs(axi s)) . These operators also work on curve
axes from process simulation.

5.4.2: Curve Manipulation

A number of curve manipulation primitives exist:
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m n( curve)

max(curve)

ave(curve)

m nsl ope(curve)

maxsl ope(curve)

sl ope(line)

xi ntercept (line)

yi ntercept (1ine)

area from curve

area fromcurve where x. mn=X1 and x. max=X2
x.val fromcurve where y.val =k

y.val fromcurve where x.val =k

x.val fromcurve where y.val =k and val . occno=n
y.val fromcurve where x.val =k and val . occno=n
grad from curve where y. val =k

grad from curve where x.val =k

For details on Extract curve manipulation syntax, see Section 5.3.1: “Extract Syntax”.

For instance, using the BJT curve example above, you could find the maximum of Ic¢/Ib vs Ic, or
maximum beta, by writing:

extract name="max beta" nmax(curve(i."collector”, i."collector"/i."base"))
nmax(), mn(), and ave() all work on the Y axis of the curve.

The sloped lines and intercepts often work together. The primitives m nsl ope() and nmaxsl ope() can
be thought of as returning a line. Extracting a line by itself has no meaning, so three other operators
take a line as input. The operators are sl ope(), which returns the slope of the line, and
xintercept() and yintercept(), which return the value where the line intercepts the
corresponding axis.

For instance, a Vt test for MOS devices looks at a curve of Vg (x) versus Id (y) and finds the X intercept
of the maximum slope. Such a test would look like:

extract name="vt" xintercept(naxslope(curve(abs(v."gate", abs(i."drain"))))
Some Vt tests take off Vd/2 from the resulting value. You could write:

extract nane="vt" xintercept(naxslope(curve(abs(v."gate"
abs(i."drain")))) - ave(v."drain")/2

Note that the last example uses:
ave(v."drain")/2
The nmax(), m n(), and ave() operators can be used on both curves,
extract nanme="l|ave" ave(curve(v."gate", i."drain"))
and also on individual curve axes,
extract nanme="lave" ave(i."drain")
or even on axis functions:

extract name="Icb max" max(i."collector"/i."base")

You can also find the Y value on a curve for a given X value and the other way round. For example, to
find the collector current (Y) for base voltage 2.3 (X), use:

extract name="Ic[Vb=2.3]" y.val from curve(abs(v."base"), abs(i."collector"))
where x.val = 2.3
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EXTRACT uses linear interpolation if necessary. If more than one point on the curve matches the
condition, EXTRACT takes the first one, unless you use the following syntax to specify the occurrence of
the condition. This example would find the second Y point on the curve matching an X value of 2.3.

extract name="Ic[Vb=2.3]" y.val from curve(abs(v."base",
abs(i."collector"))
where x.val = 2.3 and val.occno =2

The condition used for finding an intercept can be a value or an expression and therefore use the
mn(), max(), and ave() operators. The following command creates a transient time against drain-
gate capacitance curve and calculates the intercepting time where the capacitance is at its minimum
value.

extract nane="t at Cdrain-gate[Mn]" x.val fromcurve(tine, c."drain
where y.val=m n(c."drain""gate")

gate")

In addition to finding intercept points on curves, you can also calculate the gradient at the intercept,
specified by either a Y or X value as shown below.

extract nane="sl ope_at x
where x.val =1.5

extract nane="slope_at_y" grad fromcurve(v."gate", i."drain")
where y. val =0. 001

grad fromcurve(v."gate", i."drain")

You can also find the area under a specified curve for either the whole curve or as below between X
limits.

extract nane="iv area" area fromcurve(v."gate", c."drain
where x. mn=2 and x. max=5

5.4.3: BJT Example

As a final example for device extraction, consider finding, say, the beta value for a BJT device, at 1/
10th the current for max beta. This example sums up the information presented so far, and also
introduces the feature of variable substitution.

gate")

First, you need to figure out what the current is at max bet a. Max beta was presented in a previous
example:

extract name="max beta" max(curve(i."collector", i."collector"/i."base"))

After this statement has been run, extract remembers the extract nanme, max beta, and the
resulting value. Use this information later on using variable substitution. In this example, you need to
get the current, or X axis value, at max bet a, to figure out what 1/10th of it is. To do this, use the
extracted max bet a as our Y axis “target value”:

extract name="Ic[nmax beta]" x.val fromcurve(i."collector",
i."collector"/i."base") where y.val =$"nmax beta"

Finally, extract the value of Ic¢/Ib for | c=mrax bet a/ 10.

extract name="Ic/Ib for lc=lc[nax beta]/10" y.val fromcurve(i."collector",
i."collector"/i."base") where x.val =$"Ic[max beta]"/10

For more information about variable substitution, see Section 5.8: “Extract Features”.
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5.5: General Curve Examples

The following examples assume that they are extracting values from the currently loaded logfile
running under DECKBUILD. Saved “IV” log files, however, can be used directly with ext r act using the
syntax below.

extract init infile="fil enane"

Note: You can enter ext ract commands on multiple lines using a backslash character for continuation. You should,
however, enter the syntax shown below on a single line although shown on two or more lines.

5.5.1: Curve Creation

The following command extracts a curve of collector current against base voltage and places the output
inicvb. dat.

extract name="lcVb curve" curve(i."collector", v."base") outfile="icvb.dat"

5.5.2: Min Operator with Curves

The following command calculates the minimum value for a curve of drain current against internal
gate voltage.

extract name="Vgint[Mn]" mn(curve(i."drain", vint."gate"))

5.5.3: Max Operator with Curves

The following command calculates the maximum value for a curve of base voltage against base-
collector capacitance.

extract name="Cbase-col | [ Max]" max(curve(v."base", c."base""collector"))

5.5.4: Ave Operator with Curves

The following command calculates the average value for a curve of drain current against gate-drain
conductance.

extract name="Cgate-drain[ Ave]" ave(curve(i."drain", g."gate""drain"))

5.5.5: X Value Intercept for Specified Y

The following command creates a frequency against drain current curve and calculates the
intercepting frequency for a drain current of 1.5-e6.

extract name="Freq at |1d=1.5e-6" x.val fromcurve(frequency, i."drain") where
y.val =1. be- 6

5.5.6: Y Value Intercept for Specified X

The following command creates a drain voltage against device temperature curve and calculates the
intercepting temperature for a drain voltage of 5V.

extract name="T at Vd=5" y.val fromcurve(v."drain", tenperature) where
x.val =5.0
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5.5.7: Abs Operator with Axis

The following command creates a curve of absolute gate voltage against absolute optical wavelength
(I og, 1 0g10 and sqrt also available).

extract name="Vg-opt Wcurve" curve(abs(v."gate"), abs(elect."optical
wavel ength"))

5.5.8: Min Operator with Axis Intercept

The following command creates a transient time against gate-drain capacitance curve and calculates
the intercepting time where the capacitance is at its minimum value.

extract name="t at Cgate-drain[Mn]" x.val fromcurve(tine, c."gate""drain")
where y.val =mi n(c."gate""drain")

5.5.9: Max Operator with Axis Intercept

The following command creates a collector current against collector current divided by base current
curve and calculates the intercepting collector current where Ic¢/Ib is at a maximum value.

extract nanme="Ilc at Ic/Ib[Max]" x.val fromcurve(i."collector", i."collector"/
i."base") where y.val =nax(i."collector"/i."base")

5.5.10: Second Intercept Occurrence

The following command creates a gate voltage against source photo current curve and calculates the
second intercept of gate voltage for a source photo current of 2e-4.

extract name="2nd Vg at |sp=2e-4" x.val fromcurve(v."gate", elect."source photo
current") where y.val =2e-4 and val . occno=2

5.5.11: Gradient at Axis Intercept

The following command creates a probe Itime against drain current curve and finds the gradient at
the point where probe | ti ne is at a maximum.

extract name="grad_at rmaxTi ne" grad from curve(probe."ltine",
i."drain") where y.val =max(probe."Itime")

5.5.12: Axis Manipulation with Constants

The following command creates a gate voltage divided by ten against total gate capacitance multiplied
by five. Adding and subtracting are also available.

extract nanme="Vg/ 10 5*C-gg curve" curve(v."gate"/10, 5*c."gate""gate")

5.5.13: X Axis Interception of Line Created by Maxslope Operator

The following command calculates the X axis intercept for the maximum slope of a drain current
against gate voltage curve.

extract name="Xint for 1dvg" xintercept(naxslope(curve(i."drain", v."gate")))

5.5.14: Y Axis Interception of Line Created by Minslope Operator

The following command calculates the Y axis intercept for the minimum slope of a substrate current
against drain voltage.
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extract name="Yint for |IsVd" yintercept(mnslope(curve(i."substrate",
v."drain")))

5.5.15: Axis Manipulation Combined with Max and Abs Operators
The following command calculates the maximum value of drain-gate resistance.

extract name="Rdrain-gate[ Max]" nax(1.0/(abs(g."drain""gate")))

5.5.16: Axis Manipulation Combined with Y Value Intercept

The following command creates a gate voltage against drain-gate resistance and calculates the
intercepting drain-gate resistance for a gate voltage of OV.

extract name="Rdrain-gate at Vg=0" y.val fromcurve (v."gate", 1.0/
abs(g."drain""gate"))
where x.val =0.0

5.5.17: Derivative

The following command creates the curve of dydx gate bias and drain current plotted against and X
axis of gate bias.

extract nane="dydx" deriv(v."gate", i."drain")
outfil e="dydx. dat"

This further example calculates to the 2nd derivative.

extract nanme="dydx2" deriv(v."gate", i."drain", 2)
outfil e="dydx2. dat"

5.5.18: Data Format File Extract with X Limits

The following command finds the local maximum in Data Format file for the curve of vi n between 2
and 5 volts against power.

extract name="max[ 2-5]" max(curve(da.val ue."vin", da.val ue."power",
X. mn=2 x.nmax=5)) outf="nax2-5.dat"

5.5.19: Impurity Transform against Depth

The following command calculates the electron concentration in the first occurrence of silicon material
for a cutline of X=1 squared against depth.

{fixed} extract name="nconc”2" curve(depth, (n.conc material ="Silicon"
mat . occno=1 x.val =1) * (n.conc naterial ="Silicon" mat.occno=1 x.val =1))
outfile="nconc. dat"
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5.6: MOS Device Tests

A list of ready-made MOS extract statements is also provided. Use them directly or make
modifications to suit testing needs. DECKBUILD allows you to create, modify, and save tests.

The following MOS tests are:
eVt

¢ Beta

¢ Theta

e Leakage

¢ Bvds

¢ Idsmax

e SubVt

e [submax

¢ Vg[Isubmax]

Do the following to access the list of MOS extract routines.

¢ ATLAS: Choose Commands—Extracts—Device... and the ATLAS Extraction popup will appear.
Choose the desired test and click on the WRITE button to insert the test into the input deck. Using
the User defined option, you can enter custom extracts into the popup and save them as defaults.

When you click the Write Deck button on the Control popup, the extract syntax will be written
automatically to the deck along with the selected tests (Figure 5-5).

-1 Deckbuild: SMINIMOS4 Extraction (vt)

Extract expression: extract name="vt" (xinterceptimaxslopelcurvelabsivaiabsiidil) — absivd)/2.0)

CApplyly ( Refresh)

Figure 5-5: The ATLAS Extraction (Vt) Popup
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5.7: Extracted Results

Extracted results appear both with the simulator output in the tty subwindow and in a special file
named by default resul ts. final. You can name the file using the dat afi | e="fi | enane" syntax.
Use the file to compare the results from a large number of runs. For example, if using DECKBUILD’S
built-in optimizer, the file gives a concise listing of all the results as a function of the input parameters.
The extract results file is created in the current working directory.

5.7.1: Units

e Material thickness (angstroms)

e Junction depth (microns)

¢ Impurity concentrations (impurity units, typically atoms/cm3)
e Junction capacitance (Farads/cm2)

¢ QUICMOS capacitance (Farads/cm2)

e QUICKMOS 1D Vt (Volts)

e QUICKBIP 1D solver (see the QUICKBIP section)
¢ Sheet resistance (Ohm/square)

¢ Sheet conductance (square/Ohm)

¢ Electrode voltage (Volts)

¢ Electrode internal voltage (Volts)

¢ Electrode current (Amps)

¢ Capacitance (Farads/micron)

¢ Conductance (1/0Ohms)

¢ Transient time (Seconds)

¢ Frequency (Hertz)

¢ Temperature (Kelvin)

¢ Luminescent power (Watts/micron)

¢ Luminescent wavelength (Microns)

¢ Available photo current (Amps/micron)

¢ Source photo current (Amps/micron)

¢ Optical wavelength (Microns)

¢ Optical source frequency (Hertz)

¢ Current gain (dB)

¢ Unilateral power gain frequency (dB)

¢ Max transducer power gain (dB)

If desired, you can perform whatever unit shifting required by adding the appropriate constants in the

device extract tests and saving them as the default. The units are always printed out along with the
extract results for built-in single value extract routines. Custom extract routines do not show units.
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5.8: Extract Features
5.8.1: Extract Name

extract statements should almost always be given names. The name must be prepended to the
remainder of the ext r act statement. For example:

extract name="gateox thickness" oxide thickness x.val=1.0

The extract nane is used in three ways. The name appears on the OpTIMIZER worksheet when you
enter the extr act statement as a target, and on the VWF worksheet as an extracted parameter. It can
also be used in further extract statements to perform variable substitution. The name can contain
spaces.

5.8.2: Variable Substitution

The extract parser maintains a list of variables, each of which consists of a name and a value. A name
is defined by any previous named extract statement. The corresponding value is the result of the
statement.

To refer to a variable’s value, precede it with a * $' . Quotes are optional around variable references,
except when the variable name contains spaces, in which case the $ must precede the quotes. The
substituted variable acts as a floating point number, and can be used in any extract expression that
uses numerical arguments.

For example:

extract nanme="xj 1" xj silicon junc.occno=1
extract nanme="xj2" xj silicon junc.occno=2
extract name="deltaXj" abs($xj1 - $xj2)

Examples with spaces:

extract nanme="max boron" nax.conc boron
extract nane="nmax arsenic" naXx.conc arsenic
extract nanme="PN rati 0" $"nmax boron"/$"nmax arsenic"

You can also use variable substitution in ext r act with the set command as shown below.

set cutline=0.5
extract name="gat eox thi ckness" oxi de thickness x.val =$cutline

In addition, filenames to be loaded can also be specified this way. For example:

set efile = structure. str
extract init infile="% efile "

Note: Single quotes can be used to substitute where $- var i abl e must appear within double quotes.

5.8.3: Min and Max Cutoff Values

Statements may contain m n.val =val ue or max. val =val ue or both to define a valid range for
extracted results (single-valued results only, not curves). If you do not define either max or m n, then
the range extends from +-infinity to the stated value respectively. If the extracted value is outside the
range, then an error message is printed along with the extracted results and also appended to the
default results file.
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5.8.4: Multi-Line Extract Statements

EXTRACT statements may be spread over multiple lines to specify layer biases and QSS values as shown
in above examples. This involves using the st art/ cont/ done syntax.

5.8.5: Extraction and the Database (VWF)

When run with the VIRTUuAL WAFER FaB, all extract values in the deck appear as output result columns
on the split worksheet. Each row of the worksheet contains the input parameters used to create the
results. The extracted value cell values are filled in automatically as the split points complete. If some
extracts are only intermediate calculations and are not required to be included in the results
worksheet the hide flag can be used. This prevents unrequired extract results from cluttering the
worksheet data.

The m n/ max extract ranges, if defined, are examined. If any extracted value is out of range, then
children of that deck fragment (any part of the worksheet that uses the simulation results of that deck
fragment) are automatically de-queued and marked with a parent error. The fragment is marked with
a range error. The purpose here is that the system does not waste its time by running any simulation
beyond that point in the input deck where the range error occurred, for all parts of the split tree that
use the particular values of the deck.

SILVACO, Inc. 5-39



DeckBuild User's Manual

5.9: QUICKBIP Bipolar Extract

QUICKBIP is a 1D simulator for bipolar junction transistors (BJT) and is fully integrated inside the
DECKBUILD environment. It is accessed using the ext ract command and is available for use with any
SILVACO simulator.

The doping profile passed to the QUICKBIP solver should be a bipolar profile. At least, three regions
must exist. The top region in the first silicon layer is taken to be the emitter. There may be other
materials on top of the silicon.

QUICKBIP can be used with either ATHENA (2-D process simulation) or SSUPREM3 (1-D process
simulation). It is used in cases where a 1-D device simulation is both easier and faster to turn around
a result. Examples of the QUICKBIP ext r act command language are listed as follows:

extract name="bip test bf" bf
extract nanme="bip test nf" nf
extract name="bip test is" gpis
extract name="bip test ne" ne
extract name="bip test ise" ise
extract name="bip test cje" cje
extract name="bip test vje" vje
extract name="bip test nje" nje
extract name="bip test rb" rb
extract name="bip test rbm' rbm
extract name="bip test irb" irb
extract name="bip test tf" tf
extract name="bip test cjc" cjc
extract name="bip test vjc" vjc
extract name="bip test mc" njc
extract name="bip test ikf" ikf
extract name="bip test ikr" ikr
extract name="bip test nr" nr
extract name="bip test br" br
extract name="bip test isc" isc
extract name="bip test nc" nc
extract name="bip test tr" tr

Any name can be assigned to each command. In the case of a 2-D simulator, the lateral position of the
vertical profile has to be specified with the parameter x. val =n. For example:

extract nane = “forward transit tine” tf x.val =0.3

Alternatively, a boolean region can be specified when running in conjunction with the IC Layout
interface. For example:

extract name="ny test" tf regi on="pnp_active_pol y"

In this case, the bipolar test is performed only in the case where an IC layout cross section intersects
the named region.

You can modify QUICKBIP tuning parameters for using the syntax shown below. Appendix A: “Models
and Algorithms” provides a more detailed explanation.

extract name="Tuni ng bf" bf x.val =0.5 bi p.tn0=1. 0e-5 bi p. tp0=1. Oe-3
bi p. an0=2. 9e- 31 bi p. ap0=0. 98e- 31 bi p. nsrhn=5. 0e12 bi p. nsr hp=5. 0el5
bi p. bet an=2. 1 bi p. bet ap=1.

Table 5-1 shows the ext ract parameters representing the BJT parameters.
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Table 5-1: BJT Parameters
Parameter Description Units
bf Ideal Maximum Forward Beta
nf Forward current Emission Coefficient
gpis Transport saturation current (IS) A/cm2
ne Base-Emitter Leakage Emission Coefficient
ise Base-Emitter Leakage Saturation Current A/cm2
cje Base-Emitter Zero Bias DEpletion Capacitance F/ecm2
vje Base-Emitter built in potential A%
mje Base-Emitter exponential factor
rb Zero bias base resistance Ohms/square
rbm Minimum base resistance at high current Ohms/square
irb Current at half base resistance value Alem2
tf Ideal forward transit time (1/ft) secs
cjc Base-Collect zero bias depletion capacitance F/cm2
vjc Base-Collector built in potential \Y
mjc Base-Collector exponential factor
ikf Corner of Forward Beta High current roll-off Alem?2
ikr Corner of Reverse Beta High current roll-off A/cm2
nr Reverse Current Emission Coefficient
br Ideal Maximum Reverse Beta
isc Base-Collector Leakage Saturation Current A/cm2
nc Base-Emitter Leakage Emission Coefficient
tr Ideal forward transit time secs

Automated command writing is accomplished with the use of the DeckBuild Extract popup window.
This is accessed from the Commands menu when either SSUPREM3 or ATHENA is selected as the
current simulator.

I-V Curves can be visualized with ToNYPLOT if the Compute I-V curve option is selected on the
EXTRACT popup. In this case, select from either forward or reverse characteristics and specify the axes
of the curve.

e All extracted parameters can be used as optimization targets.

¢ All extracted parameters are appended to the default results file in the current working directory.
Unless specified, using the dat af i | e=fi | ename syntax, it defaults toresul ts. final .

¢ When running under the VWF, all extracted parameters will be logged for regression modeling.
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QUICKBIP solves fundamental system of semiconductor equations, continuity equations for electrons
and holes, and Poisson’s equation for potential self-consistently using the Gummel method. The
following physical models are taken into account by QUICKBIP:

¢ Doping-dependent mobility

¢ Electric field dependent mobility

¢ Band gap narrowing

¢ Shockley-Read-Hall recombination

¢ Auger recombination

QUICKBIP is fully automatic so that it is unnecessary to specify input biases. QUICKBIP calculates
both forward and inverse characteristics of the BJT. For an n-p-n device, these sets are as follows:

1.Veb = -0.3... -Veb_final,Veb_step=-0.025,Vcb = 0 V
2.Vcb = -0.3... -Vcb_final,Vcb_step=-0.025,Veb = 0 V
3.Veb final and Vcb _final depend on the particular BJT structures, usually about -1... -1.5

(high injection level).

For a p-n-p device, all signs are changed.
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5.10: Using Extract with ATLAS

Do the following to calculate ext r act parameters during an ATLAS simulation.

1. Include an out put statement in your original input deck that specifies the parameters of interest
(e.g., output charge to specify charge concentration). You cannot extract a parameter unless you
specify that parameter (either explicitly or by default) in an out put statement.

2. Insert an ext r act statement to extract the desired parameters (see Chapter 5: “Extract”).

There are some differences between the EXTRACT syntax and the syntax used by the ATLAS output
statement. To extract parameters, use the correct extract statement syntax (not the ATLAS Qut put
statement syntax). For example, the ATLAS Qut put statement uses E. Fi el d to specify electric field,

while the extract statement requires the name E. Fi el d. To extract electric field include the
following lines in the input deck:

Qutput E Field

Ext ract I npurity="E Field"

The following table shows the differences between the ATLAS syntax and the extract statement

syntax.

ATLAS Parameter ATLAS Default Extract Parameter Units
POTENTI AL Mandatory Potential \'%

NET DCPI NG Mandatory Net Doping atoms/cm®
ELECTRON CONCENTRATI ON Mandatory Electron Conc em?

HOLE CONCENTRATI ON Mandatory Hole Conc em®
CHARCE False Change Conc atoms/cm®
CON. BAND False Conduction Band Energy A%

E. FI ELD EFI ELD False E Field V/em

E. MBI LITY False e- Mobility em2/Vs

E. TEMP True Electron Temp K

E. VELOO TY False Electron Velocity cm/s

EX. FI ELD True E Field X V/em

EX VELOO TY False e- Velocity X m/s

EY. FI ELD False E Field Y V/em

EY. VELOO TY False e- Velocity Y m/s
FLOALI NES False Current Flow None

H MOBI LI TY False h+ Mobility em2/Vs

H TEMP True Hole Temp K

H VELOO TY False Hole Velocity cm/s

HX. VELOO TY False h+ Velocity X m/s

HY. VELOO TY False h+ Velocity Y m/s
SILVACO, Inc. 5-43



DeckBuild User's Manual

ATLAS Parameter ATLAS Default Extract Parameter Units

| MPACT True Impact Gen Rate sem®
JY. ELECTRON False Je-Y Alem?
J. ELECTRON True Je- Current Magnitude Alem2
JX. ELECTRON FALSE Je- X Aem?
J. CONDUC True Conduction Current Alem?
J.DSP False Displacement Current Alem2
J. HOLE True h+ Current Magnitude Alem2
J. TOTAL True Total Current Density Alem2
JX. CONDUC False Cond Current X Alem2
JX. HOLE False Jh+ X AJem?2
JX. TOTAL False Jtot X AJem?2
JY. CONDUC False Cond Current Y Aem?
JY. HOLE False Jh+Y AJem?2
JY. TOTAL False JtotY AJem?2
PHOTOGEN True Photo Generation Rate semS
CFN True Electron QFL A\
QP True Hole QFL \%
&S False Interface Charge em?
RECOVB True Recombination Rate sem3
TOT. DOPI NG False Total Doping atoms/cm®
TRAPS True Traps em?
U. AUGER False Auger Recomb Rate semS
R RADI ATI VE False Radiative Recomb Rate sem3
U. SRH False SRH Recomb Rate sem3
VAL. BAND False Valence Band Energy A%

X. cOvB False Composition X None
Y. COMB True Composition Y None
OPT. | NTENS False Optical Intensity W/em?2
OX. CHARGE False Fixed Oxide Charge em?
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Chapter 6:
Optimizer

6.1: Overview

The OPTIMIZER is a mechanism that automatically varies one or more input parameters to obtain
simulated results, using those parameters which match one or more targets. The OPTIMIZER runs
through a number of iterations until the results match the targets within a certain tolerance.

The OpTiMIZER uses the Modified Levenberg-Marquart algorithm to build a response surface of results
versus input parameters as the iterations progress. This response surface is used to calculate the input
parameter values for each iteration. If for some reason the OPTIMIZER cannot achieve convergence, it
stops and display the error condition.

In practice, several parameters are measured and the simulation is then tuned to those values. For
example, MOS structure, gate oxide thickness, Vt curves, I-V curves, and a SIMS profile can all be
used to tune the input deck with the OPTIMIZER.

The OpPTIMIZER is controlled through an easy-to-use graphical worksheet. The worksheet allows you to
enter and edit input parameters, targets, and setup information (such as error tolerance) used by the
OpTiMIZER. There is also a real-time graphical results display that visualizes input parameter values,
target values, and error terms so you can easily track the OPTIMIZER’s iterations.

6.1.1: Features

The OpTIMIZER eliminates guesswork by determining the input parameter values necessary to match
one or more targets quickly and accurately. Furthermore, since the OPTIMIZER is built on top of
DECKBUILD’s native auto-interfacing capability, parameters in one simulator can be optimized against
the extracted results from a different simulator. For example, optimizing can be against a Vt
measurement and an I-V curve simulated in ATLAS using process input parameters in SSUPREMS or
ATHENAor both.

The OPTIMIZER is most useful for tuning studies. Use it to calibrate extracted simulation results to
measured data by changing coefficients, such as diffusion and segregation; rather than trying to vary
settings, such as simulated time and temperature. You can use such well-tuned input deck fragments,
each of which performs a known operation, to build entire input decks. For design studies, rather than
tuning studies, we recommend the VIRTUAL WAFER FAB (VWF). The VWF constructs and allows
visualization of the entire process response surface, opposed to meeting a single target. It also acts in
unison with the OPTIMIZER by storing the well-tuned input deck operations for later use.

Since the input deck requires no modification and no special statements, you can easily optimize any
existing deck. When there are satisfying optimization results, the OPTIMIZER can copy the final
parameter values back into the deck.

You can save all parameter and target data from the worksheet to disk and reload it at any time.
6.1.2: Terminology

This chapter makes reference to input parameters and targets. Input parameters, or just parameters,
are any numerical constants in the input deck. Examples include implant energy, diffusion time, and
gate voltage. Targets are values (either single points or entire curves) that are extracted from the
simulated results. Examples include oxide thickness, Vt, and a curve of net concentration versus
depth.
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6.2: Using The Optimizer
6.2.1: Overview

Using the OPTIMIZER is easy. You must perform the following steps once an input deck runs with
DECKBUILD.

1. Define the input parameters

2. Define the targets

3. Optionally, define the setup information

4. Start the optimization

6.2.2: The Optimizer Window

The Optimizer is controlled from the DeckBuild Optimizer window (Figure 6-1). To display the
Optimizer window, select Main Control—->Optimizer... in DECKBUILD.

o] Deckbuild: Optimizer - (NONE)
Mode [¥] Setup {Print ) {Optimize}) ( Properties..)
=
Setup parameter Initial value | Stop criteria | CUTTEN ﬂ
value
-
Marguardt parameter 0.z Ted -—- ]
harguardt scaling 2 -
Function evaluations 30 _—
Jacohian evaluations 70 _—
Gradient norm le-3 _—
Sum of squares difference le-6 -
F/C difference 0.3 _—
RIS error (%) 0.01 e
Average error (%) 1e-4 -
Maximum error (%) 50 -
lterations 4 _—
Termination code - - _—
=
I[EINED] i
L, J

Figure 6-1: Optimizer Window
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6.2.3: Optimization Modes

The Mode menu is located at the top left of the Optimizer window (Figure 6-2). This menu is used to
select the five screens displayed in the Optimizer window.

= Deckbuild: Optimizer - (NONE) 1
Mode [F] Setup (File 7) {Print ) {Optimize}) ( Properties..)
Setup S Initial value Stop criteria Current lj
Parameters value
-
Marqud | Targets 0.z 183 -—- I
Marqud | Graphics z .
Functig| Results 30 o
Jacobial Ewaraanone 70 -
Gradient norm le-3 _—
Sum of squares difference le-6 -
F/C difference 0.3 _—
RIS error (%) 0.01 e
Average error (%) 1e-4 -
Maximum error (%) 50 -
lterations 4 e
Termination code - - _—
=
I[EINED] i
E ]

Figure 6-2: Optimizer Modes
The five modes in this window are:

¢ Setup — Optimization setup worksheet.

¢ Parameters — Input parameter definition worksheet.

¢ Targets — Target definition worksheet.

¢ Graphics — Graphical visualization of the optimization run.

¢ Results — Worksheet of parameter and target values for each iteration of a run.

You can define parameters, targets, and setup information for an optimization run in any order. The
OPTIMIZER, however, does not run until you define at least one parameter and one target.

6.2.4: Optimizing

Once the parameter, target, and optional setup information is defined, the OpPTIMIZER can be started by
clicking on the Optimize button. Clicking on the button a second time aborts the optimization.

Once the optimization has started, all worksheet information, as well as the input deck, is set to a
read-only state that cannot be edited.

During the optimization run, the Graphics mode shows real-time updates of current parameter,
target, and error values.

At the beginning of a run, the OPTIMIZER always runs a sensitivity analysis of n+1 loops at the start of
the input deck. n is the number of input parameters.
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6.3: Parameters

A parameter is any numeric constant in an input deck. That constant may represent anything, such as
etch thickness, contact voltage, or work function. Because the OPTIMIZER needs to vary its value to

achieve convergence, the parameter must be numeric.

6.3.1: Adding Parameters

To add a parameter, follow these four steps:

1. Display the Parameter worksheet by setting Mode to Parameters. To do this, position the pointer
over Mode, click the MENU mouse button, and select Parameters. The Parameter worksheet is

then displayed (Figure 6-3).

]

r“g Deckbuild: Optimizer — optex02.in.opt
Mode [¥) Parameters { File w) (View v) (Edit v) (Print ) {Optimize}) ( Properties.)
Line numher | Parameter name Response Optimized Initial value Minirmurm il
type value value
&
4z W1 adjust implant dose log -—- 9.6e11 9.6e+10
4z Wt adjust implant energy linear -—- 25 125
64 Length etch p1.x linear -—- 0.7 0.35
75 S/D implant dose log -—- 5.0e15 Se+14
75 S/D implant energy linear -—- 90 45
—
(CeTT») (
[ File saved OK

Figure 6-3: Parameter Worksheet with 5 Parameters Defined

2. Select (highlight) the line in the input deck containing the parameter(s) to be added. To do this,
position the pointer over the line, and triple-click the SELECT mouse button to capture the entire

line. The OpTIMIZER also accepts lines that have only a word or some selected characters.

3. Choose Add from the Edit pull-down menu. To do this, move the pointer over the Edit button, click

on MENU and select Add (Figure 6-4).
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5] Deckbuild: Optimizer — optex02.in.opt N
Mode (¥] Parameters View v {Print ) {Optimize}) ( Properties..)
Parameters BF— — —=
Line numher | Parameter name timized Initial value Minirmurm il
ue value
Delete -
42 Yt adjust implant dose Locate - 9.8eN 9.8e+10
42 Wt adjust implant energy Toagle - 25 12.8
f4 Length etch p1.x Link - 0.7 0.35
75 S/D implant dose Unlink - 5.0e15 Se+l4
75 S/D implant energy select All - 30 45
LindLeg
Reset Values
Copy to Deck

I[N 1
1_|Fi|e saved OK 1
Figure 6-4: Parameter Edit Menu

After selecting Add, the Parameter define popup appears (Figure 6-5).
r“g Deckbuild: Optimizer — optex02.in.opt {edited) T
Mode [¥) Parameters { File w) (View v) (Edit v) (Print ) {Optimize}) ( Properties.)
Line numher | Parameter name Response Optimized Initial value Minirmurm ﬂ
type value value
&
4z W1 adjust implant dose log -—- 9.6e11 9.6e+10
4z Wt adjust implant energy linear -—- 25 125
64 Length etch p1.x linear -—- 0.7 0.35
75 S/D implant dose log -—- 5.0e15 Se+14
75 S/D implant energy linear -—- 90 45
& Parameter define

Statement 'diffuse’ (line #78)

W time=<variable>
[0 temp=<variable>

[0 press=<variable>

3 Title: Diffuse,
Apply

Figure 6-5: Parameter Define Popup

4. Check the checkboxes next to the desired parameter(s) by clicking SELECT next to their names. You
can also type in a title. The parameter name on the worksheet are formed by appending the
individual parameter names (shown next to the checkboxes) with the title. When you select all the
desired parameters, click on Apply. A new row is inserted into the Parameter worksheet for each
selected parameter on the popup (Figure 6-6). The rows are always arranged by line number.
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r“g Deckbuild: Optimizer — optex02.in.opt {edited) T

Mode [¥) Parameters { File w) (View v) (Edit v) (Print ) {Optimize}) ( Properties.)
Line number | Parameter name Response Optimized Initial value Minimur d

type value value

&
4z W1 adjust implant dose log -—- 9.6e11 9.6e+10
4z Wt adjust implant energy linear -—- 25 125
64 Length etch p1.x linear -—- 0.7 0.35
75 S/D implant dose log -—- 5.0e15 Se+14
75 S/D implant energy linear -—- 90 45
T Diffuse time linear -—- ] 2.9
o Parameter define

Statement 'diffuse’ (line #78)

W time=<variable>
[0 temp=<variable>

[0 press=<variable>

I[EINL]
Title: Diffuse,
3 itle: Diffus
method fermi compress _ Apply

§diffusze tine=5 temp=300 nitro pres

Figure 6-6: Parameters Added to Worksheet

Repeat the process to define parameters on the other lines in the input deck. After adding each
parameter, to change its initial value, minimum allowed value, or maximum allowed value. See
Section 6.3.3: “Editing A Parameter” for more information.

6.3.2: Deleting Parameters

To delete a parameter:

1. Place the pointer anywhere in the row to be deleted and double-click the SELECT mouse button to
make a row selection. The row then appears raised (Figure 6-7).
2. Choose Delete from the pull-down Edit menu to remove the selected row from the worksheet.

The Delete operation works on all currently selected rows. More than one row at a time can be
deleted. See Section 6.8: “Worksheet Editing” for instruction on selecting more than one row.
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5] Deckbuild: Optimizer — optex02.in.opt {edited) 1
Mode (¥] Parameters View v {Print ) {Optimize}) ( Properties..)
Parameters BF— — —=
Line numher | Parameter name add fimized Initial value Minimum *
ue value
v
42 Yt adjust implant dose Locate - 3.8e11 9.8e+10
42 Wt adjust implant energy Toagle - 25 12.8
f4 Length etch p1.x Link - 0.7 0.35
75 S/D implant dose Unlink - 5.0e15 Se+l4
75 S/D implant energy select All - 30 45
LindLeg
T Diffuse time - ] 2.9
Reset Values
Copy to Deck

Figure 6-7: Deleting a Parameter
6.3.3: Editing A Parameter

The Parameter worksheet allows direct numeric cell value editing, such as Initial value, Minimum
value, and Maximum value. See “Parameter Fields” on page 6-11 for an explanation of the fields.

Editing Numeric Values
To edit a numeric cell value:

1. Position the pointer over the cell. The cell will appear indented.
2. Click SELECT once and a text caret appears in the cell.

3. Edit the cell value. The worksheet understands normal keyboard input plus Control-U, which erases
the cell contents. Enter the new value, replacing the existing value.

4. Finish the edit by pressing the Return key. The new value remains on the worksheet cell.

When the cell is read-only and cannot be edited, a warning message is displayed in the lower left
corner of the worksheet. See Section 6.8: “Worksheet Editing” for more information on using the
worksheet.

Editing The Response Type

Response type is either linear or log. Response type should be set to log if the extracted results vary
logarithmically with the input parameter.

To change the response type:

1. Position the pointer anywhere in the row and double-click the SELECT mouse button to capture the
row. The row appears raised.

2. Choose Lin/Log from the Edit pull-down menu. The selected row’s response type are toggled.

Since Lin/Log operates on all selected rows, you can select and toggle multiple rows at the same time.
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Editing The Parameter Name

The OpTiMIZER forms the parameter names when entered by appending the parameter name (shown
next to the checkboxes on the Parameter define popup) with the title field on the popup. By default,
the title is the command word (first word) on the line. For example, the parameter dose in an i npl ant
statement would be called implant dose on the worksheet. If you type LDD Implant as the title, the
parameter name will be called LDD Implant dose on the worksheet.

To help distinguish the parameter names, you may need to change them once entered on the
worksheet. To change a parameter name:

1. Choose View—Control... (Figure 6-8) and the Parameter control popup will appear (Figure 6-9).

= Deckbuild: Optimizer — optex02.in.opt {edited) 1
Mode [¥] Parameters [ (Edit ) (Print ) {Optimize)) ( Properties.)
i — — —
Line number | Parameter name onse Optimized Initial value Minimur d
value value
&
4z Wt adjust implant energy linear -—- 25 125
64 Length etch p1.x linear -—- 0.7 0.35
75 S/D implant dose log -—- 5.0e15 Se+12
75 S/D implant energy linear -—- 90 45
T diffuse time linear -—- ] 2.9
T diffuse temp linear -—- 300 450
—
(CeTT») (
I -

Figure 6-8: Parameter View Menu

i) Parameter control

Mode (7] edit

Parameter names

Vtadjust implant energy
Lenath etch p1.x

S/D implant dose

5/0 implant energy

[diffuse time |

IR ENEY ]

Title Gate oxide diffuse time,

Figure 6-9: Parameter Control Popup, Edit Mode
2. Change Mode to edit on this popup. The scrolling list contains all the parameter names.

3. Click SELECT over the parameter name that needs to be changed. The parameter name appears
under Title. Enter in the new parameter name under Title and press the Return key.

Once you press Return, the parameter name will be updated on the worksheet and on the scrolling list.
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6.3.4: Linked Parameters

Occasionally, it is desirable to “link” two or more parameters together. For instance, a series of several
diffusion steps in a row might all use the same HCI percentage or the same pressure. When they are
entered as parameters but not linked, each parameter is varied independently during the optimization
run. This is not meaningful if the physical diffusions are done in the same environment. When
parameters are linked together, they all vary together as one during the optimization run.

Do the following to link parameters together.
1. Select a row to be linked by double-clicking SELECT over that row.

2. Select one or more additional rows by single-clicking ADJUST over each additional row.
3. Choose Link from the Edit pulldown menu. Link applies to all currently selected rows.
The Link operation works by referring the second, third and other linked rows back to the first

selected row (counting from the top down). That first row becomes the master row to which all the
others are linked (Figure 6-10).

r“g Deckbuild: Optimizer — (NONE) {(edited) T

Mode [¥) Parameters { File w) (View v) (Edit v) (Print ) {Optimize}) ( Properties.)

=

Line number | Parameter name Response Optimized Initial value Minimur d
type value value

“
T Fressure 1 linear -—- 1.00 0.3
79 Drive time linear -—- 60 30
79 Pressure 2-=75:Pressure 1 linear -—- 1.00 0.3
g0 Pressure 3-=75:Pressure 1 linear -—- 1.00 0.3

I[EINL]

—

L

#

method fermi compress

diffus time=10 temp=900 t.final=1000 nitro press=1.00
diffus time=60 temp=1000 nitro press=1.00

diffus time=10 tenps1 000 t.final=900 nitro press=1.00
#

Figure 6-10: Linked Parameters

After all rows have been linked, the linked parameter titles change. The titles are appended with an
arrow, the line number, and the master parameter name. For example, Pressure 2 becomes
Pressure2->78: Pressure 1.

Linked parameters all share the same response type and optimized, initial, minimum, and maximum
values. The initial, minimum, and maximum values are taken from the first, parent parameter, but
are not updated on the child parameters. This preserves their independent settings in case the
parameters are unlinked later. The optimized value is taken from the master parameter and updated
on each of the linked parameters during optimization.

It is also possible to link in a new parameter to a set of already-linked parameters. Select any one of
the already linked parameters, plus the new parameter, and choose Link again on the menu. The
OPTIMIZER knows how to follow the sequence of links.
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If the master parameter is deleted, all links to it are automatically removed. If a linked parameter is
deleted, it does not affect any of the other links. It is important to remember that links are not saved
when the optimizer setup is stored to a file. The links have to be set up again if an optimizer file is
reloaded. To unlink a parameter:

1. Select the row to be unlinked by double-clicking SELECT.

2. Select additional rows, if desired, by single-clicking ADJUST.

3. Choose Unlink from the Edit menu.

6.3.5: Parameter Defaults

The Parameter worksheet has built-in values to determine the appropriate response type and
minimum and maximum values for a new parameter.

By default, parameters are of response enter | og, if their initial value is above le+l0 and min/max
values are +50% for linear parameters, and +1 decade for log parameters.

You can change response type and min/max values after adding parameters. These defaults only help
make adding parameters quicker and easier.

Do the following to change the default response type and min/max ranges used when adding a new
parameter.

1. Select View—Defaults... and the Parameter defaults popup will appear (Figure 6-11).

& Parameter defaults

Type ’log’ above: 1e+10,
Linear min: 50 percent —

Linear max: 50 percent +

Log min: 2 decades —

Log max: 2 decades +

Figure 6-11: Parameter Defaults
2. Enter the desired new default value(s).

3. Click on Apply when finished. If you want to save the values as permanent defaults, click on Save.
6.3.6: Copying Parameters To The Deck

The OPTIMIZER automatically fills in the Optimized value column on the Parameter worksheet as it
runs. If the OPTIMIZER converges successfully and retaining the optimized parameter values in the
input deck is desired, select Edit—>Copy to Deck.

Copy to Deck copies all optimized parameter values back into the deck in place of the former values.
Save the input deck (using the DeckBuild File menu) to generate the permanent changes.

6.3.7: Enabling/Disabling Parameters

The OprimizER allows the disabling of parameters, which are then ignored during optimizations.
Disabling is often useful when a large number of parameters have been entered. But, you may want to
try freezing one or more at certain values without deleting them from the worksheet. To disable a
parameter:

1. Position the pointer anywhere on the row to be disabled and double-click the SELECT mouse button
to select that row. The row is selected.

2. Choose Toggle from the Edit pull-down menu. The selected row is grayed out on the worksheet,
and its values are frozen.
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To enable a disabled parameter, follow the same procedure starting with a disabled row.

Note: During the optimization run, the OPTIMIZER uses whatever entered optimized value for disabled parameters. If no
optimized value exists, the initial value is used.

6.3.8: Folding Columns

The OpriMiZER allows folding, or hiding, any column or columns on the worksheet. This can be useful
when several columns on opposite sides of the worksheet need to be seen simultaneously, without
having to scroll horizontally back and forth. To fold a worksheet column:

1. Choose Control... from the View pulldown menu, and the Parameter control popup shown in
Figure 6-12 appears.

i Parameter control

Mode (%] enable

Parameter columns

Line number
[Parameter name |
Rezponse type
Optimized value
Initial value

I ENINEX |

Figure 6-12: Parameter Control Popup, Enable Mode
2. Change Mode to enable on this popup.

3. Click SELECT on any columns in the scrolling list that you want to fold. Columns that remain
selected on the scrolling list are shown; the others are folded and are not shown. Click on Apply to
apply the changes.

Parameter Fields

¢ Line number — The line number in the input deck on which the parameter is used. The line
number is updated automatically when the input deck is edited.

¢ Parameter name — The name of the parameter. The name can be redefined from the Parameter
control popup.

¢ Response type — Either linear or log. The response type determines how far the OPTIMIZER swings
the parameter value. Log type parameters are swung further than linear parameters, and should be
used for parameters which have a logarithmic effect on the extracted results.

¢ Optimized value — The value determined by the OPTIMIZER to achieve the best fit to the target(s).
¢ Initial value — The initial value of the parameter, taken from the input deck.

¢ Minimum value — The minimum value that the OpTIMIZER is allowed to use.

e Maximum value — The maximum value that the OpTIMIZER is allowed to use.

Note: As an aid to optimization, the Optimizer uses Optimized value as each input parameter’s initial value after the Optimizer
has been run once. To use the Initial value once again, choose Reset Values on the Parameter Edit menu. The
optimized values are deleted on the Parameter worksheet.

SILVACO, Inc. 6-11



DeckBuild User's Manual

6.4: Targets

A target is the value of any valid extract statement in the input deck. EXTRACT statements are special
commands understood by DECKBUILD that extract certain properties of the simulated device. For
example, you can extract properties, such as material thickness, net doping versus depth, and junction
depth for process simulation and extract I-V curves and parameterized values, such as Vt, Theta, and
DIBL for device simulation. EXTRACT also allows you to construct your own routine to perform
customized manipulation of points and curves.

DECKBUILD provides full popup-driven generation of the extract statements. For more information,
see Chapter 5: “Extract”.

For purposes of the OpTIMIZER, EXTRACT statements come in two flavors. Those that extract a single
value (like Vt) called point targets, and those that extract an entire curve (like Vg vs. Id) called curved
targets.

6.4.1: Adding A Target

To add a target, follow these four steps:

1. Display the Target worksheet by setting Mode to Targets. To do this, position the pointer over
Mode, press the MENU mouse button, and select Targets. The Target worksheet will then appear
(Figure 6-13).

r@ Deckhuild: Optimizer — optex02.in.opt K
Mode [F] Targets (File w) (View v) (Edit w) (Print ) {Opfimize)) ( Properties..)
Line number | Target name Target type H value Target value Optimized {lo
value
w
130 Wi curve log ] 31047de-14 | ---
130 log 0.5 5.945327e-09 ---
130 linear 1 j663Ze-06 | ---
130 linear 15 951657e-06 ---
130 linear 2 142802e-05 ---
130 linear 25 1.62314e-05 ---
130 linear 3 2.16368e-05 [ ---
130 linear 35 2 46356e-05 | ---
130 linear 4 2.72568e-05 [ ---
130 linear 45 29631e-05 | ---
130 linear 3 3.1768%e-05 ---
—
IEED I
= )

Figure 6-13: Target Worksheet

2. Select (highlight) the line in the input deck that contains the target you want to add. To do this,
position the pointer over the line, triple-click the SELECT mouse button to capture the entire line.
The OPTIMIZER also accepts lines that have only a word or any character(s) selected.

3. Choose Add from the Edit pull-down menu. To do this, move the pointer over the Edit button, click
MENU and select Add (Figure 6-14).

A new row is inserted into the Target worksheet for the selected ext r act statement (Figure 6-15).
The rows are always ordered by line number.
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4. Enter a target value for the new target. Target value entry depends on the extract value type (point
or curve). Both types of target value methods are explained on the following pages.

r‘@ Deckbuild v3.1.8 Alpha - felvis/rjw/deckbuild/optex02.in (edited), dir; felvis/rjwr

(File w) (View w) (Edit v) (Find v} (Main Control v} ( Commands v} ( Tools v)

r“g Deckbuild: Optimizer — optex02.in.opt {edited)
Mode (¥] Targets {(File w) (View w) (Edit w) (Print ) {Optimize)) ( Properties..)
P =
Line number | Target name Target type Hovalue Target value Optimized o
value
&
129 vt linear -—- Y -—-
130 Wt curve log 1] 910474e-14 [ ---
130 log 0.3 5.94327e-09 ---
130 linear 1 J.663Ze-06 -—-
130 linear 1.5 9.51657e-06 [ ---
130 linear 2 14z802e-05 | ---
130 linear 2.9 1.62314e-05 | ---
130 linear 3 2.16366e-05 [ ---
130 linear 3.9 2.46356e-05 [ ---
130 linear 4 2.72566e-05 [ ---
130 linear 4.5 2.9631e-05 -—-
130 linear ] 317689e-05 [ ---
—
(CeTT») (
L,
make-1y
#
end error=0.01000
i} -
&
=

S5UPREM3

Figure 6-14: Targets Added to Worksheet
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= Deckbuild: Optimizer — optex02.in.opt {edited) |
Mode Targets (File v} (View v ) GEdHEzw) (Print ) (Opfimize)) ( Properties..)
Targets — =
Line number | Target name Add value Target value Optimized la
|
value
Delete B
130 Vg vs Id Locata = 772 -
Toggle
LinfLeg
| after
Select all Delete all Eefore
Salact all Frorm File.
Sort ¥
Mormalize X
—_
D i
L |

Figure 6-15: Target X/Y Data Menu

Defining a Point Value Target

For point targets, enter the target value directly into the Target value column. See Section 6.4.3:
“Editing A Target” for more information. Repeat this process to define other targets in the input deck.

Defining a Curve Value Target

For curved targets, you must enter one or more x/y coordinate pairs. The X value column on the
worksheet corresponds to the x axis of the extracted curve. The Target value column corresponds to
the y axis. You can do any of the following to enter x/y coordinate pairs for curved targets.

¢ Insert pairs into the worksheet,
¢ Read in x/y data from a ToNYPLOT data format file
® Do a combination of both.

Creating A Curved Target From Scratch

Do the following to insert an x/y value pair.

1. Position the pointer anywhere in the target row and double-click the SELECT mouse button to
select that row. The row then appears raised.

2. Choose Edit—>X/Y Data—After (Figure 6-15). A new row will be inserted after the selected row. You
can insert additional data rows either before or after any other data row.

Note: Only the first row of a curved target shows the target name (Figure 6-16).

3. Enter X value and Target value values for the new row.

Repeat this process to define the entire curved target.
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f@ Deckbuild: Optimizer — optex02.in.opt {edited) T
Mode [F] Targets (File w) (View v) (Edit ) (Print ) (Opfimize) ( Properties..)
L =
Line number | Target name Target type ® value Target value Optimized lo
value
w
130 Vg vs Id [ iinear | - | 779 | -
130 linear -—- 777 -—-
130 linear -—- 777 -—-
130 linear -—- 777 -—-
—_
LD 0
i i)

Figure 6-16: A Curved Target

Creating a Curved Target From a Data File

When a ToNnYPLOT data format file is on the disk that you want to use as an optimization target, the
OpTIMIZER allows it to be read directly into the worksheet.

To create a curved target from a data format file, follow these steps:

1. Position the pointer anywhere in the target row, and double-click the SELECT mouse button to
select that row. The row will then appear raised.

2. Choose Edit—>X/Y Data—From File... and the Optimizer X/Y Target Data popup will appear
(Figure 6-17).

3. Enter in the directory and filter or double-click on directory names in the scrolling list to change
directory. To load a file, double-click on the file name in the scrolling list or select the file name in the
list and click on Load. If the file is in the correct format, existing data rows for the curved target are
removed and replaced by rows constructed from the X/Y data in the data file.

To quickly and easily create a ToNYPLOT data format file for the target, specify a file name on the
extract statement. For example:

extract curve(depth, abs(net)) outf="net_doping. dat"

EXTRACT saves the file in ToNYPLOT data format. Run the deck through using DECKBUILD, then load in
the saved data file into the worksheet, add/delete rows and edit the values to create the desired target
curve.
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6.4.2: Deleting A Target
To delete a target:

oH

Deckbuild: Optimizer X/v Target Data

Directory: Jelvis/rjw/deckbuild

Clin

3 ef.dat

(Y extract.dat

(Y extract_sims.dat
(Y extract_srp.dat
[ flash

icons

clude

) lib

Filter: *.dat,

File name:

Figure 6-17: X/Y Target Data Popup

1. Position the pointer anywhere in the row to be deleted and double-click the SELECT mouse button
to select that row. The row will then appear raised (Figure 6-18).

2. Choose Delete from the Edit pull-down menu. The selected row will be removed from the

worksheet.

The Delete operation works on all currently selected rows, more than one row at a time can deleted.

See Section 6.8: “Worksheet Editing” for procedures on selecting more than one row.

For curved targets, Delete deletes only the selected x/y data point(s). To delete the entire target at
once, select any row in the curve to be deleted (as in step 1 above) and choose Delete All from the X/Y

Data menu (Figure 6-19).

=
s
k3

¥ Deckbuild: Optimizer — optex02.in.opt {edited)
Mode [E] Targets View v {(Print ) (Opfimize) ( Properties..)
Targets
Line number | Target name T value Target value ptimized
valug

129 kil | Locate - 7 -

130 Wi curve Teqgle 910474e-14 [ ---

130 Lin/Log 5 594327e-09 | ---

130 ®/Y Data & 36632e-06 | ---

130 Select Al 951657806 | ---

130 linear z 142602e-05| ---

130 linear 2.8 1.62314e-05 | -—-

130 lingar 3 Z16366e-05 | ---

130 lingar 3.8 Z46356e-05 ---

130 linear 4 Z.72566e-05 ---

130 linear 4.5 Z.9651e-05 ---

130 linear 5 3176689e-05 | ---
(G To] [
L

Figure 6-18: Deleting a Target
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& Deckbuild: Optimizer — optexd2.in.opt {edited)
Mode Targets View v (Print ) (Optimize)) ( Properties..)
Targets - =
Line number | Target name add value Target value Optimized o
value
Delete =
130 Vit curve Locate 310474814 -
130 Togqle 5 5.94327e-09 | ---
130 Lin/Log 3.6632e-06 -—-
130 [IREEEN insert 39.516579- 08| ---
190 Select All | (EEIERERA B.I A7E078-05 | ——-
7 Select All §1
130 linear Sort ¥ fzilde-05 | ---
130 linear Normalize ® &.163589—05 -—-
130 linear i 2. 46356e-05 ---
130 linear 4 2.72aBde-09 [ -—-
130 linear 4.5 2.9631e-05 -—-
130 linear 5 317689e-05 [ ---
=
I[N I
L =]

Figure 6-19: Deleting a Curved Target
6.4.3: Editing A Target

The Target worksheet allows direct edit of numeric cell values, such as X value, Target value, and
Weight. See“Target Fields” on page 6-19 below for an explanation of the fields.

Editing Numeric Values

To edit a numeric cell value:

1. Position the pointer over the cell. The cell then appears indented.
2. Click SELECT once. A text caret appears in the cell.

3. Edit the cell value. The worksheet understands normal keyboard input plus Control-U, which erases
the cell contents. Enter the new value.

4. Finish the edit by pressing the Return key. The new value remains in the worksheet cell.

If the cell is read-only and cannot be edited, a warning message is displayed in the lower left-hand
corner of the worksheet.

See Section 6.8: “Worksheet Editing” for more information about using the worksheet.

Editing the Target Type

Target type is either linear or log. Set the response type to log if the target value is extremely small
to reduce the target’s apparent error. For extremely small targets, a very small absolute difference
between the target and the extracted data could result in an extremely large percentage error (le-12
vs. le-11 is a 900% error). Setting target type to log tells the OpPTIMIZER to take the log of the result and
target before computing the percentage error.

To change the target type:

1. Position the pointer anywhere in the row and double-click the SELECT mouse button to capture
that row. The row will appear raised.

2. Choose Lin/Log from the Edit pulldown menu. The selected row’s response type is toggled.

Since Lin/Log operates on all selected rows, you can select multiple rows and toggle at the same time.
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Editing The Target Name

The OpTiMIZER fills in the target name, by default, when it is first added to the worksheet. The target
name is taken from the name token in the extract statement. You may want to change the target
names to help distinguish them. To change a target name:

1. Choose Control... from the View pulldown menu and the Target control popup will appear
(Figure 6-20).

el Target control

Mode [F] edit

Target names

[Thickness Oxide |
Wt curve

I CIEX]]

Title Thickness Oxide,

Figure 6-20: Target Control Popup - Edit Mode
2. Change Mode to edit on this popup. The scrolling list contains all the target names.
3. Click SELECT over the target name to be changed. The target name appears under Title. Enter the
new target name under Title and press Return.

When you press Return, the target name will be updated on the worksheet and on the scrolling list.

6.4.4: Enabling/Disabling Target

The OpriMIZER allows you to disable targets. Disabled targets are ignored during the optimization.
Disabling is often useful when a large number of targets have been entered. There is a need to
concentrate on an important subset of targets without deleting the remaining targets from the
worksheet.

To disable a target:

1. Position the pointer anywhere in the row that needs to be disabled and double-click the SELECT
mouse button on the row. The row is selected.

2. Choose Toggle from the Edit pulldown menu.

The selected row is grayed out on the worksheet, and its values are be frozen. To enable a disabled

target, follow the same procedure precisely beginning with a disabled row. During an optimization run,
the OPTIMIZER does not monitor or count the error terms from disabled targets.
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6.4.5: Folding Columns

The OpTIMIZER allows you to fold, or hide, any column or columns on the worksheet. This may be useful
when there is a need to see several columns on opposite sides of the worksheet without having to
horizontally scroll back and forth.

To fold a worksheet column:

1. Choose Control... from the View pulldown menu and the Target control popup will appear
(Figure 6-21).

e Target control

Mode (%] enable

Target columns

Line number
Target name
Target type
¥ value
Target value

)

[Jreemvmm[(A]_T#][]

Figure 6-21: Target Control Popup - Enable Mode
2. Change Mode to enable on this popup.

3. Click SELECT on any columns that are to be folded in the scrolling list. Columns remaining selected
on the scrolling list are shown. The others are folded and not shown. Press Apply to apply changes.

Target Fields

¢ Line number — The line number that the target is on in the input deck. The line number is
automatically updated when the input deck is edited.

¢ Target name — The name of the target. You can redefine the name using the Target control
popup.

e Target type — Either linear or log. The target type determines how the Optimizer computes the
error term. Log type targets should be used where the target value is extremely small.

¢ X value — The X axis value of an x/y coordinate pair. It is only used by curved targets.

e Target value — The optimization target value (Y axis value for curved targets).

¢ Optimized value — The current value of the extracted (simulated) data.

¢ Error (%) — The percentage error between Target value and Optimized value.

e Weight — The target weighting factor. The weight is multiplied by the actual error to determine the
apparent error. A value of 1 indicates that the Optimizer shall use the actual error, a value of 0.5
indicates that it should use only half the actual error. Values between 0 and 1 make the target less
sensitive. Therefore, it is subject to wider error tolerance, while values greater than 1 make it more
sensitive and force the simulated data to smaller error tolerance. For instance, a weight of 2.0 with a
setup maximum error of 5.0% would force a target to have a maximum actual error of 2.5% to achieve
convergence.

Note: The error percentage shown on the Targets worksheet is the actual error percentage before weighting.
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6.5: Setup
6.5.1: Overview

The Setup worksheet controls a number of constants used by the OPTIMIZER, such as the maximum
number of iterations and evaluations and several different convergence criteria. The default values are
almost always adequate. The Setup worksheet is displayed by setting Mode to Setup (Figure 6-22).

r“g Deckbuild: Optimizer — optex02.in.opt {edited) T
Mode [¥] Setup {Print ) {Optimize}) ( Properties..)
| —
Setup parameter Initial value | Stop criteria | CUTTEN ﬂ
value
d
Marguardt parameter 0.z Ted -—-
harguardt scaling 2 -
Function evaluations an _—
Jacohian evaluations 70 _—
Gradient narm le-3 _—
Sum of squares difference le-6 -
F/C difference 0.3 _—
RIS error (%) 0.01 e
Average error (%) 1e-4 -
Maximum error (%) 50 -
lterations 4 e
Termination code -—- [ _—
—
I[EINED] i
E o
Figure 6-22: Setup Worksheet
The most important setup criteria are as follows:
e Maximum error — Determines the maximum allowable error for any target to achieve

convergence.

¢ Iterations — Determines how many total Marquardt iterations the optimizer is allowed to perform.
This value counts only the Marquardt iterations, each consists of one or several sub-iterations. The
actual number of simulation calculations is always greater than this value.

The default value of Maximum error and Iterations is 5.0% and 4 respectively.
6.5.2: Editing Setup Values

To edit a setup cell value:

1. Position the pointer over the cell. The cell then appears indented.
2. Click SELECT once. A text caret appears in the cell.

3. Edit the cell value. The worksheet understands normal keyboard input plus Control-U, which erases
the cell contents. Enter the new value.

4. Finish the edit by pressing Return. The new value remains in the worksheet cell.

When the cell is in read-only, a warning message is displayed in the lower left-hand corner of the
worksheet. See Section 6.8: “Worksheet Editing” for more information on using the worksheet.

6.5.3: Saving The Setup

To modify the setup data and to save for future runs, choose Save Setup from the File menu. The
setup information is saved in $HOVE/ . mast err c.
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6.6: Graphics
6.6.1: Overview

The OPTIMIZER maintains a run-time graphics visualization system that allows for tracking the
progress of the OPTIMIZER over its iterations, and to evaluate its current status. To access graphics, set
the Mode to Graphics (see Figure 6-23).

r“g Deckbuild: Optimizer — optex02.in.opt K

Mode [¥] Graphics {Print ) {Optimize}) ( Properties..)

|

ent Errors ]

9.5e+13

9.5e+09

stimplant energy

Length etch p1.x

o |

Il T= I

[ Optimization completed 0K Max error within limit

i

Figure 6-23: A Curved Target

The Current Errors section at the top of the window maintains the values of RMS error, average
error, and maximum error over all targets. It also displays the total number of iterations so far, the
average iteration time, and the total elapsed time. The total elapsed time increments in real time as
the optimization runs. The number of iterations counts the number of simulation computations, not
Marquardt iterations defined on the Setup worksheet.

The Parameters column keeps track of the input parameter values. Each rectangle represents,
vertically, the allowable range of the parameter (its minimum to maximum value), while the horizontal
axis represents the number of iterations. The parameter values are displayed for all iterations to date.
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The Targets column shows the target values, the current simulated values, and an error term. For
single-point targets, the target is drawn as a horizontal line, and simulated values plus error terms are
drawn for all iterations to date. For curved targets, the target curve and the simulated results curve
are plotted plus the current average error over the entire curve.

This Graphic iteration history information is maintained until another optimization run is started or
until any target or parameter is added or deleted.
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6.7: Results
6.7.1: Overview

An optimized results list is maintained by the OPTIMIZER to show the input parameter values and
target results for each iteration. To display the Results worksheet, set the Optimizer’s Mode to
Results. Figure 6-24 shows a typical Results worksheet.

JJSQ Deckbuild: Optimizer — optex02.in.opt K
Mode Results {Print ) {Optimize)) ( Properties..)
eration W1 adjust W1 adjust Length S0 implant | SO mplant | 3‘

implant dose | implant energ [ etoch pls dose ELE
v
1 9.4e+11 29 07 ae+15 90 err=32% I
2 2.34Bale+12 | 25 07 ae+15 90 err=7.3%
3 9.4e+11 257906 07 ae+15 90 err=34%
4 9.4e+11 29 0722136 ae+15 90 err=42%
3 9.4e+11 29 07 1.96620e+16 | 90 err=32%
3] 9.4e+11 29 07 ae+15 92.846 err=32%
7 9.22232e+11 | 24,6085 0632424 2.36997e+13 | 86.322 err=1.7%
il 9.32327e+11 | 23.9048 0636331 ae+12 g3.6261 err=0.36%
9 9.48142e+11 | 23,9048 0636331 ae+12 g3.6261 err=0.31%
10 9.32327e+11 | 239639 0636331 ae+12 g3.6261 err=047%
11 9.32327e+11 | 23.9048 0636544 ae+12 g3.6261 err=0.00594 %
12 9.32327e+11 | 23.9048 0636331 59.6055e+12 g3.6261 err=045%
13 9.32327e+11 | 23.9048 0636331 ae+12 §3.9107 err=0.35%
=
| DY 1
L Optimization completed 0K Max error within Iimit'_r

Figure 6-24: Results Worksheet

The left column displays the iteration number, starting from 1. The other columns display the input
parameters from the Parameters worksheet followed by targets from the Targets worksheet.

Input parameter columns show the input parameter values used for each iteration. Target columns
show the extract values obtained for the parameter values, or if a curved target, the average error for
the entire curve.

The Results worksheet is automatically updated at run-time and a new row is added every time an
iteration finishes. If any of the parameter or target names are changed, the changes are reflected in
the Results worksheet.

6.7.2: Sensitivity

The Results screen also displays a sensitivity calculation performed as the optimization progresses.

The sensitivity of each target is displayed next to the target’s value column. The sensitivity is
calculated as the percentage change in the target value divided by the percentage change in a single
input value.

The sensitivity displayed on a given row is the result of changing the single input parameter on that
row, which differs from the baseline calculation (the topmost result row).

Since the OpTiMIZER first calculates the baseline values and performs the sensitivity calculation on
each parameter in turn, thereafter trying to vary all parameters as necessary, the sensitivity results
are displayed only on the second through nth row of the results worksheet, where n is the number of
parameters plus one.
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6.8: Worksheet Editing
6.8.1: Overview

The Worksheet allows for editing cells and typing values directly into the cell contents. Some cells,
however, (depending on the worksheet mode) are read-only and cannot be edited.

6.8.2: Numeric Values

To edit a numeric cell value on a worksheet:

1. Position the pointer over the cell. The cell appears indented.
2. Click SELECT once. A text caret appears in the cell (Figure 6-25).
3. Edit the cell value. The worksheet understands normal keyboard input, plus Control-U, which

erases the cell contents. Enter the new value.

4. Finish the edit by pressing Return. The new value remains in the worksheet cell.

When the cell is read-only, a message footer is displayed in the lower left corner of the worksheet.

=

Deckbuild: Optimizer — (NONE)

L

Mode Setup

{ Print

) (Cptimize)) ( Properties...’)

Setup parameter Initial value | Stop eriteria | —MTEM
value
Marquardt parameter [ led -
Marguardt scaling z ——-
Function evaluations 30 -
Jacobian evaluations 70 -
Gradient norm le-3 R
Sum of squares difference 1e-6 -—
FAC difference 0.3 -
RMS error (%) 0.01 —
Average errar (%) 1e-4 -
b aximum error (%) 50 -
lterations 4, —

Termination cade

BN
1_|Eclitint_4 cell value, press [RETURN] when complete

6.8.3: Selecting Rows

Figure 6-25: Editing a Worksheet Cell

To select a worksheet row, position the pointer anywhere over the row and double-click the SELECT
mouse button. To select a second or any further row (extending the range of the selection), click
ADJUST over each additional row to be selected. To deselect a row, position the pointer over the
selected row and click ADJUST. ADJUST toggles the selected state. To deselect all rows, press

SELECT once anywhere in the worksheet.

Note: Selections are lost when the worksheet mode is changed.
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6.8.4: Mouseless Operation

The worksheet supports mouseless operation. You can traverse rows and columns of the worksheet
with the arrow keys, plus the Home, End, PgUp, and PgDn keys. You can edit a worksheet by pressing
Return in a cell.
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6.9: File I/O
6.9.1: Overview

When an optimization run is finished, the OpTimMIZER allows storage of all pertinent data to disk. You
can load an optimization file at any later point to initialize the OpTiMIZER with all the saved target and
parameter data. The Setup data is stored independently. For procedures on Setup data, see Section

6.5: “Setup”.
6.9.2: Creating A New File

To create a new optimization file:

1. Move the pointer to the File menu button, press the MENU mouse button, and select Store as New
File... (Figure 6-26). The Store popup will then appear (Figure 6-27).

Note: The current directory is listed on the Store popup.

2. Move the pointer into the Store window and enter the name of the preferred file. By default, the file
name is the name of the current input deck with. opt appended.

3. Click on File—»>Store as New File and an ASCII format optimization file will be saved. This file

contains all parameter and target information.

= Deckbuild: Optimizer — optex02.in.opt
Mode Parameters ) (View v) (Editv) (Print ) (Optimize)) ( Properties..’)
Load File.. =
Line number | Par{ Save Current File Response Optimized Initial value Minirmutn 3
store as New File.. 3 IRARE value value =
42 vt Clear All log --- 9.8e11 9.8e+09 ||
42 g oave Setup | inear - 25 125
64 Length etch p1.x linear - 0.7 0.35
73 5/D implant dose log - 5.0e15 Se+1z
73 /D implant energy linear - 30 45
L
1™ I
1_|Fi|e leaded Ok i

Figure 6-26: Storing a New File

1 Deckbuild: Store

Directory: felvis/riw/deckbuild,

File: optex02.in.opt

Store as Mew File

Figure 6-27: Store Popup
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Note: Parameter links are not saved in the optimization file. Any linked parameters have to be relinked when the optimization
file is loaded.

6.9.3: Working With An Existing File

Any previously saved optimization file can be loaded and modified or stored under another name to
create a new file, leaving the original intact.

To load a file into the OPTIMIZER:

1. Choose File—Load File... on the Optimizer window and the Optimizer Load Popup shown in
Figure 6-28 will appear.

—H Deckbuild: Optimizer Load

Directory: Jelvis/rjw/deckbuild,

Qb
] me
[ main _
[ main_simmar -
(3 msex01.inopt -
[ optex01.inopt .
[(Q optexoZ.inopt |
[ optim

&

Filter: *opt

File name: optex02.in.opt

Figure 6-28: Optimizer Load Popup

2. Adjust Filter, if necessary, to filter out all but the file names of interest. By default, the filter is
*. opt. Press Return to apply the filter.

3. Change the directory, if necessary, by double-clicking on a directory in the scrolling list or by
entering a directory name under Directory.

4. Once you have found the file you want to load, load it by double-clicking on it in the scrolling list.
You can also load the file by clicking on Load.

Note: The file to be loaded must correspond to the current input deck. If the information in the optimizer file does not match the
contents of the input deck, the OpTIMIZER will refuse to load the file and an error message appears. For this reason,
always save the input deck and its optimizer file at the same time.

6.9.4: Saving The Existing File

You can now edit the OPTIMIZER data and save those changes back to the existing OPTIMIZER file or save
them as a new file.

To save the changes to the existing file, choose File—»>Save Current File on the OpTIMIZER window.

Be sure to save the input deck as well, if it has been edited. Save the input deck using DECKBUILD’s File
menu.
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6.10: Printing
6.10.1: Overview
To print any of the worksheets or graphics data:

1. Press Properties... on the Optimizer window and the Optimizer Properties popup will appear.
Change the Category in the upper left corner to Graphics printer (Figure 6-29).

2. Select the Destination, Type, Layout, and Page size of the output. If the destination is Printer,
also choose the printer queue.

By default, the output will go a file called pri nt. out in PostScript format. Indexed, enabled by
default, means a unique file name pri nt. out is made each time a print is done, so previous files are
never overwritten. Click on Save to permanently save the settings.

3. Press Print back on the Optimizer window. The output goes to the file or printer specified in Step
2 and contains data corresponding to the current Optimizer mode.

© Deckbuild: Optimizer properties

Category IEI GCraphics printer

Bustination

Queue
Type [Postscript | HPGL [ PeL | color OJ
Layout | Landscape | Portrait |
Page size | A3 ad A5 Slax11
B¥au14 | 11x17 | 18x24 | 22x34

Figure 6-29: Optimizer Properties Popup - Graphic Printer Category
Figures 6-30 and 6-31 shows examples of printed output.

[ e " e " T

"

Line nunhar i

Parametar name 0 implant e gy
Response type linear

Optimized value $3.3429

Initial value 1]

Mininwwmn value 45

Maximuamn valuve 160

Figure 6-30: Parameters Worksheet Printout

Le nuwnbar 32 42 64 i

Paranwetar nanme ¥ adjust implant dese | Vi adjustimplant ener; | Length etch pl.x 50 mplant dose
Response type log linear linear kg

Optimized value 2.56964e+11 I3.3T 0634106 551201e+12
Initial vahue 9.5611 5 0.7 5.0e15

Minivan value LT 115 0.35 Se+ll

Maximuam value 25e+13 375 1.05 5e+17
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Figure 6-31: Graphic Printout
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6.11: Optimization Tuning

This section contains information useful when an optimization run does not converge for some reason.
It indicates some common errors and shows how different setup, parameter, and target values are
designed to work.

Possible error conditions include the following:

¢ Input parameters have little effect on extracted results: This is usually indicated by very little
target movement (as seen on the Graphics display) during the optimization. Use different
parameters, increase the parameter min/max range, or change the parameter type from linear to
log.

¢ Targets conflict with each other: This is an extremely common problem. For instance, asking the
OPTIMIZER to optimize to a thick gate oxide thickness and to a low threshold voltage (that isn’t feasible
with the thick oxide) is doomed to fail. The best way to get around these types of problems is by
carefully choosing targets and target values, plus changing the weighting of some targets to make
them more (or less) sensitive than others.

You can make a target less sensitive by setting its weight to a number between 0 and 1. Numbers
greater than 1 make it more sensitive (i.e., it must be met with a smaller percentage error).

¢ Input parameters hit their minimum or maximum ranges: This can happen if the initial value
is not very close to the value required to achieve optimization. Increase the min/max range of these
parameters

¢ Failure to converge: If all the other error conditions are taken care of and the optimization still
does not converge, it’s often because just a few target points can not be met, or the OPTIMIZER’s initial
values were too far off the mark.

First, check the error percentages on each target. If most were close but just a few have large error
terms, then you might consider decreasing the weight of those targets or changing them from linear to
log type. If those points are part of a curved target, you might consider deleting some or all of them.

On the other hand if the OpTiMIZER fails, try better initial values, decrease the parameter min/max
ranges or disable the parameters that have the strongest effect on the results.

Another common reason for convergence failure is a bad curved target. Keep curved targets smooth,
without excessive points, and if necessary cut down the min/max range of especially dominant input
parameters.

You can also try increasing the number of iterations, but the default value of 4 should almost always be
adequate.

Note: As an aid to optimization, the OpTIMIZER uses Optimized value as each input parameter’s initial value after the
OPTIMIZER has been run once. To use the Initial value once again, choose Reset Values on the Parameter Edit
menu. The optimized values are deleted on the Parameter worksheet.
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Appendix A:
Models and Algorithms

A.1: Introduction

Models and Algorithms used by one dimensional (1D) electrical solvers in DECKBUILD and TONYPLOT.

Note: This appendix is intended to serve as a quick reference only. A detailed description of the semiconductor device physical
models is provided in the ATLAS manual.

1D electrical solvers, available by using the ext r act command in DECKBUILD or in TONYPLOT, are based
on the iterative solution of the Poisson equation:

div(eVy) = q(p—n +NZ)—N:4) —PR A-1

where y is the potential, ¢ is the dielectrical permittivity, n and p are the electron and hole
concentrations, and p F is the fixed charge.

QUICKBIP uses the continuity equations to calculate n and p:

7 ®
=divd -U =0 A-2
q n n
7 &®
2di U = A-
qdep Up 0 3
where:
& &®
Jn = qynEn ‘n+ an n A-4
(&) &
Jp = q,upEp ‘p+ qu Vp A5
D = Hﬂ D = Iﬂ’/_{ A'6

A.1.1:Physical Models

All electrical solvers take into account the following models and effects:

¢ Temperature dependence, such as £T/q or Eg

Concentration-dependent mobility (with built-in temperature dependence)

Field-dependent mobility (perpendicular field with built-in temperature dependence)

Material work function (for MOS structures)

Fixed interface charge
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A.2: Concentration Dependent Mobility

The concentration dependent mobilities for n and p respectively are:

D Ap,
= . +
Fn = fmin 1 +Ntotal/Nnref
A
y]I')) = ypmin + ﬂp
A+Ntotal/Npref
where:
_ 83 (1)4’-57
Hamin = 300
-0.57
Y
Hanmin = 54.3 ((WO)
-2.33
Y
Aty = 1252 - (5]
-2.33
Y
Awy, = 407 (300)
2.456
N yop = 1432 1017(%)
17/ v \2-456
N ppef = 267 10 (ﬁj

A-7

A-8

A-9

A-10

A-11

A-12

A-13

A-14

A-2
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A.3: Field Dependent Mobility Model

The field dependent mobilities for n and p respectively are:

ty
Hy = A-15
«/1 +1.54 - 10_5 -E
4y
uoo= A-16
p J -5
1+535-10  -E
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A.4: Sheet Resistance Calculation

After solving the Poisson equation, the sheet resistance for each semiconductor layer is estimated
using:

right
R, = r dx A-17
sh .

left My M +qHy, P

xleft and xright are determined by the p-n junction locations and the semiconductor material
boundaries.
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A.5: Threshold Voltage Calculation

Threshold voltage calculation is based on the calculated sheet resistance. In MOS mode (1-D vt
extraction), the solver will calculate threshold voltage automatically. First, the conductance of the
channel region will be calculated for each gate voltage applied. If an NMOSFET structure is assumed,
then:

inv
g(Vg) = J); (qyn)/ndx A-18

O corresponds to the oxide-silicon interface and xinv is the boundary of the inversion layer. Threshold
voltage will be determined using the g(V,) curve as an intersection with the V, axis of the straight line

drawn through two points on the g(V,) curve, corresponding to the maximum slope region shown
below.

/! «——— "maximum slope" line

\ 4

Vin Ve

Figure A-1: Threshold Voltage Calculation
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A.5.1:Breakdown Voltage Calculation

Breakdown voltage calculation is based on estimation of ionization integrals for electrons and holes.
Breakdown is determined by the condition that one of the integrals is greater than 1. The ionization
rates are calculated using the following equations (See the Selberherr model in the ATLAS manual):

a, = AN - exp [—(BFN) BETA’\] A-19

BETAP:
ap = AP - exp [_(%E) } A-20
where:
AN = AN1 if E < EGRANAN = AN2 if E > EGRAN
AP = AP1 if E < EGRANAP = AP2 if E > EGRAN
BN = BNL if E < EGRANBN = BN2 if E > EGRAN
BP = BP1 if E < EGRANBP = BP2 if E > EGRAN

The values of the parameters AN, AN2, AP1, AP2, BN1, BN2, BP1, BP2, BETAN BETAP, EGRAN are user-
definable (through the ext ract command or pop-up menu). Their default values are:

AN1=7. 03e5 cmil

AN2=7. 03e5 cmil
BN1=1.231e6 V/cm
BN2=1. 231e6 V/cm

AP1=6. 71e5 cml

AP2=1. 582e6 cm?’
BP1=1. 693e6 V/cm
BP2=2. 036e6 V/cm
BETAN=1.0 (unitless)
BETAP=1.0 (unitless)
EGRAN=4e5 V/cm

A-6
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DBInternal

B.1: DBInternal

DBINTERNAL is a simple but powerful DECKBUILD tool that allows you to create a Design Of Experi-
ments (DOE) from a pair of input files. Amongst other things, you can create corner models for process
parameters or device characteristics or both.

Any parameters that are to be used as variables must be specified as set statements in a template file.
Any results of interest should be calculated using ext r act statements.

The DOE is specified with simple sweep statements in a separate design file. The sweep statement
defines which variables are required in the DOE, and the range of values these variables are to take.

The parameter values and the results of each simulation can be stored in a file that can be viewed in
TONYPLOT or used as a data base for input to a statistical analysis tool such as SPAYN.

B.1.1: Example

Suppose you have an ATLAS deck (r esi st or _t enpl at e. i n) for a simple resistor (the dopingis  con-
trolled by a set statement). When run, this deck calculates the resistance from the gradient of the VI
curve.

go atlas

set dopi ng=1el6

mesh wi dt h=2

x. mesh 1 oc=0.0 spac=0. 25

x. mesh 1 oc=1.0 spac=0. 25

y. mesh |1 oc=0.0 spac=0. 25

y. mesh | 0c=10. 0 spac=0. 25

regi on numrl silicon

el ectrode num=1l top name=ground

el ectrode num=2 bott om name=anode

dopi ng uni form n.type conc=$dopi ng

nodel s connob

solve init

| og outf=dop$’ doping’ .| og

sol ve vanode=0.0 vstep=0.1 vfinal =2. 0 name=anode
l og of f

extract init infile="dop$ doping .| og”

extract name="res” grad fromcurve(i.”anode”,v.”anode”) where y.val =1

qui t
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If you want to investigate how doping affects the resistance, you can create a DBINTERNAL deck
(sweep. i n) that defines an experiment (a series of trials). In this example, the doping is changing

between 101° and 101 cm™ (at three points per decade, thirteen points in all).

go internal

load infile=resistor_tenplate.in

sweep par anet er =dopi ng type=power range="1.0el5, 1.0el9, 13"

save type=sdb outfil e=resi stance. dat

quit
When you execute sweep. i n, DBINTERNAL runs the resi stor _t enpl at e. i n deck several times,
each time changing the value on the set dopi ng= line. DBINTERNAL also collates the data

generated by the extract nane="res” line and saves it in sdb format suitable for viewing with
TONYPLOT. The resistance as a function of doping is shown in the following figure.

= TonyPlot V2.8.29.A :
File ¥) View v) Plot ¥) Tools ¥) Print ) Properties v] Help v )

Resistance as a function of doping

¥
«
»

*

h i
>
A

le5

resistance (Ohms)

1ed \

1ed

1e15 1e1é 1e17 1e1s 1e19
doping {cm~-3})
Click te place, (P changes alignment) or drag to get leader SILVACO International 2005

Figure B-1: Doping Resistance
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B.2: The Template File

The template file is a description of the class of simulations you want to perform. It should be a
deck that will execute correctly when run within DECKBUILD.

Any variables that you need DBINTERNAL to control must be defined on a set line. For example,
the file resi st or _t enpl at e. i n has the line

set dopi ng=1el6

so DBINTERNAL can change the value of the variable dopi ng. DBINTERNAL ignores the actual
value on the set line in the template file. It is safe to set variables that DBINTERNAL doesn’t
control. They will remain with the value defined in the template file.

The variable is normally used to set numbers in the template file. For example:
dopi ng uni formn.type conc=$dopi ng

where the doping concentration is being set by the variable dopi ng. But it is also useful to be able
to use the value as a string in a filename. In this instance, you should enclose the variable name in
single quotes. For example:

| og out f =dop$’ dopi ng’ . | og
extract init infile="dop$ doping .| og”
So if dopi ng had been set to 1e16, the filename would be “ doplel6. | og”.
The template file may have ext r act statements. For example:
extract init infile="dop$ doping .| og”
extract name="res” grad from curve(i.”anode”,v.”anode”) where y.val =1

DBINTERNAL will recognize you are interested in the result “res” (for example) and will collect
these results from each simulation.
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B.3: The Experiment File

The experiment file has three main parts

B.3.1: Load command
load infile=resistor_tenplate.in

This tells DBINTERNAL which file to use as the basis for the simulations.

B.3.2: Experiment command
sweep par anet er =dopi ng type=power range="1.0el5, 1.0el9, 13"

This tells DBINTERNAL how you want the variables to change.

B.3.3: Save Command
If the template file contains ext r act statements, you also want a save command
save type=sdb outfil e=resistance. dat

which tells DBINTERNAL where to save the extracted data. The saved file will contain the values of
all the independent variables (the variables defined in the experi ment command) and the values
of all the dependent variables (the variables calculated with ext r act statements).
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B.4: Technical Details

DBINTERNAL reads in the template file and looks for any variables defined on an extract line and
makes a note of their names. The name must be the first parameter after the ext ract command
and have no spaces.

extract name="res”

DBINTERNAL also knows what parameters have been set on the experiment line. For example,
DBInternal will control the parameters x and y.

sweep paraneter=x type=linear range=1, 2,2 \
paranet er=y type=linear range=3,5,3
To run a trial, DBINTERNAL creates a temporary <i nfi | e> with the name
<i nfil e>=dbi nternal _tenporary_<nane>_<pi d>

<namne> is the name of the machine and <pi d> is the program ID of the DBINTERNAL program. (See
also the “log” command). The temporary file is a copy of the template file with different values
on any set line that correspond to a parameter in the experiment command. For instance, if the
template file had the lines

set x=5
set y=10
set z=15
and you ran the earlier sweep command the first temporary file would have the lines
set x=1
set y=3
set z=15

DBINTERNAL will change the values for parameters it recognizes and leaves the other set lines
alone.

DBINTERNAL then runs a trial by producing a child (DECKBUILD) with the command

deckbuild [-v a.b.c. X][-int][-ascii][-noplot] -run <infile> -outfile
<infile>. out

Once DECKBUILD is finished, DBINTERNAL will parses the <i nfil e>. out file to find the values
generated by the ext r act statements. The <i nfil e>and the <i nfil e>. out are then deleted.

This procedure (creating an <i nfil e>, starting DECKBUILD, examining the <i nfile>. out) is
repeated for the remaining sets of parameters in the experiment.
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B.5: DBInternal Commands

DBINTERNAL commands are generally of the form
<conmand> <par anil>=<val uel> <par an>=<val ue2> ..

The commands and the parameters may be abbreviated but they must be long enough to be
recognized. For instance, the save command may be shortened to sa, but not to s because that
would not distinguish between save and sweep.

If the value contains whitespace, it must be enclosed in quotes. For instance
range="1. 0el5, 1.0el1l9, 13"

But if the value is a single block of text, there is no need for the quotes. This range can be entered
as

range=1. 0el5, 1. 0el9, 13

DBINTERNAL regonizes the following commands.

B.5.1: doe

Syntax
doe type=<doe_type> \
par anet er =<par aml> range="center, delta” \

par anet er =<par an®> r ange="center, delta”

Description

The trials of a DOE experiment correspond to various points on or near a hypercube around some
origin in parameter space. The results can be used to create a model for the dependent variables
over the hypercube.

For example, suppose you had a process that generated FETs with gate lengths in the range 95-
105 ym and recess depths in the range 45-55 ym. The parameter space is a square with corners
(95, 45), (95, 55), (105, 45) and (105, 55). Suppose you want to know how breakdown voltage is
affected by these parameters. If you knew there were a simple linear relationship, you could
simulate at the midpoint and the two points where the axis intersected with the hypercube ((100,
50), (105, 50), (100, 55)) and fit a simple linear model through the results. If you thought there
were a more complex relationship, you would simulate at more points over the hypercube. For
example, the midpoint and all the corners.

A parameter should be the name of a variable in the template deck. The names (e.g., <par aml>)
cannot be abbreviated. They must be exactly as they appear in the template deck.

The range is two numbers. The first is center of the hypercube (i.e., the value of the parameter at
the middle of its range). The second is the distance from the center to the edge of the hypercube (or
half the range of the parameter).

The points are almost always high symmetry points on the hypercube, such as the corners of the
hypercube, the points where an axis intersects the hypercube, and a midpoint along an edge of the
hypercube. The best way to see the points generated by a DOE type is to use the no_exec com-
mand and setting the range of the parameters to “0, 1”. Therefore, O indicates a center point, 1
indicates one side of the hypercube and —1 the other side.
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Example
no_exec outfile=tl|ff.dat
doe type=two_level full _factorial \
par anet er =pl range=0, 1 \
par anet er =p2 range=0, 1 \
par anet er =p3 range=0, 1

DOE Types

The DOE t ype must one of the following:
e gradi ent _anal ysi s

etwo level full factorial

etwo _|level _half factorial
ethree level full _factorial

e face_centered_cubic
ecircunscribed circle

® box_behnken

gradient_analysis

This type does a simulation at the center point and at the points one positive step along each axis.
An experiment with IV parameters has N+1 trials.

two_level_full_factorial

This type does a simulation corresponding to every node of the N-dimensional hypercube. An
experiment with N parameters has 2" trials.

two_level half factorial
This type does half the simulations of the two_I evel _full _factorial and no two nodes are on
the same edge. An experiment with N parameters has 2V trials.

three_level_full_factorial
This type does a simulation corresponding to every node and every half point of the N-dimensional
hypercube. An experiment with N parameters has 3N trials.

face_centered_cubic
This type does a simulation corresponding to every node. Every point where an axis intersects the
hypercube and the center point. An experiment with N parameters has 2V + 2N + I trials.

circumscribed_circle

This type is similar to the f ace_cent er ed_cubi ¢ type but the axis points now lie on the surface of
the hypersphere that passes through the hypercube node points (i.e., all points are equidistant
from the origin). An experiment with N parameters has 2V + 2N + 1 trials.

box_behnken

The design matrix for this simulation is based on a balanced or partially balanced block design.
There is no easy relationship between the number of parameters and the number of trials in the
experiment. For example, an experiment with seven parameters requires 57 trials and an
experiment with nine parameters requires 97 trials. But an experiment with eight parameters is
particularly inefficient and requires 225 trials.
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B.5.2: endsave
Syntax

endsave

Description

This command tells DBl nt er nal to stop saving data to the current file. See the save command for
more information.

Example
save type=sdb outfil e=exanpl e. out
sweep par anet er =dopi ng t ype=power range=1el5, 1el9, 13
endsave

This stops DBINTERNAL from trying to save any more data to exanpl e. out .

B.5.3: log
Syntax
log outfil e=<fil enane_root >

Description

This command tells DBINTERNAL to keep the output generated by the child DECKBUILD for each
trial. When generating the temporary input file for a trial, DBINTERNAL uses the
<fil enane_r oot > and appends the ID of the trial (for example, the first trial has an ID of zero
and the second trial has an ID of one). The usual command is issued to run the trial

deckbuild —int —noplot —run <infile> -outfile <infile> out
At the end of the trial, only the <i nfi | e>is deleted and the <i nfi | e>. out will remain.
Example

load infil e=exanple.in

[ og outfil e=keep

sweep par anet er =dopi ng type=linear range=1, 4,4

This will generate the files keepl. out , keep2. out , keep3. out , and keep4. out .

B.5.4: monte_carlo
Syntax
nmonte_carl o nunber=<numtrial s> \
par anet er =<par aml> type=<nt_type> coeffs="list, of, nunbers” \
par anet er =<par an> type=<nt_type> coeffs="1ist, of, nunbers”

Description

The nont e_car | o command generates an experiment from a specified number of trials. All param-
eter values in each trial are random. Each parameter is drawn from its own distribution.

The number is the number of trials you want in the experiment.

A parameter should be the name of a variable in the template deck. The names (e.g., <par aml>)
cannot be abbreviated. They must be exactly as they appear in the template deck.
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The type must be one of the following:

euniform

¢ nor mal

¢ | og_nor nal

e gama

e wei bul |

These are the types of random distributions a parameter will be extracted from. The coeffs are a
list of numbers that describe the random distribution, the number and meaning of the coeffs
depending upon which distribution was chosen.

Random Distributions

The probability density function and the required coefficients for the following random distribu-
tions.

uniform

The uni f or mtype takes random numbers evenly spaced between two limits. The probability
density function is

px) =0 (x <x;, or x2xhl.)
_ 1 B-1
p(x) = —— (xlo <x <xhi)
hi “lo
This distribution needs two coefficients, the minimum and maximum allowed values
coeffs = ”xlo’ Xpi ” B-2

normal

The nor nal type is a Gaussian probability density. The probability density function is

- ! (x—p) -
p(x) T O_exp{ > ZJ B-3

20

This distribution needs two coefficients, the mean and the standard deviation.
coeffs = "u, o' B-4

log_normal

The | og_nor mal type has a probability density function of (the distribution of log(x) would be nor-
mal)

p(x) = N exp( (log(X)Z—,u)] with X = +(x-1) B-5
7-Xo P

This distribution needs four coefficients (the last coefficient should be +1 or —1 and gives the sign
in front of X).

coeffs = "a u, o, £" B-6
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gamma

The gamma type is the time to wait for several events that occur with a Poisson distribution. The
probability density function is

p(x) = X° _1~(—(;"_p—]£(’?))) with X = i()%l) B-7

This distribution needs four coefficients (the first coefficient should be a +ve integer and the last
should be +1 or -1).

coeffs = "a u, o, " B-8
Weibull
The probability density function of the wei bul | type is
a—1

-X -exp(—Xa) with X = i(u) B-9

- a
p(x) = p p

This distribution needs four coefficients (the last coefficient should be +1 or —1).

coeffs = "a u, o, £" B-10

B.5.5: no_exec
Syntax
no_exec type=<ssf|spayn> outfil e=<fil enane>

Description

This is a debugging command. If it is issued before an experiment, then DBINTERNAL will generate
a file <fi | enane>. This file contains a list of the independent variables, which would have been
passed to the simulations. No actual trials will be performed. An ssf format file is a simple list of
numbers suitable for viewing in a text editor. It can also be plotted in TONYPLOT. A spayn format
file can be analyzed with SPAYN.

Example
If you run an experiment file
no_exec type=ssf outfil e=exanpl e. out
sweep paranet er=length type=linear range=1,2,2 \
par amet er=wi dt h type=linear range=1, 3, 3

the data in exanpl e. out would be

g A W N O
N P N PN
W W N DN P
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The first column is the ordinal of the trial. The second column is the length value of that trial (e.g.,
1 or 2). The third column is the width value of that trial (e.g., 1, 2 or 3).

B.5.6: option
Syntax
option [[!]int][[!]ascii] [[!]plot][version=<string>]
Description

The opti on command controls some of the command line options passed to DECKBUILD when
running a trial.

The value of a parameter (i nt, asci i, or pl ot) is either true or false. If the parameter is present,
it is set to true. If it is negated (with the !), it is set to false. If it is absent, it is set to a default
value. The default for i nt is t r ue. The default for both asci i and pl ot is f al se.

The ver si on parameter defines which version of DECKBUILD to use to run the child process.
A trial is run with the command

deckbuild [-v a.b.c. X][-int][-ascii][-noplot] -run <infile> -outfile
<infile>. out

The -i nt option tells DECKBUILD to start DBINTERNAL as the default simulator. The - asci i
option tells DECKBUILD not to start its GUIL. The - nopl ot option tells DECKBUILD to ignore any
TONYPLOT commands in <i nfi | e>.

The - i nt option will be passed if i nt is t r ue and will be absent if i nt is f al se.
The - asci i option will be passed if asci i istrue and will be absent if asci i is f al se.
The - nopl ot option will be passed if pl ot is f al se and will be absent if pl ot is true.
Example

option ascii !plot

This will run the trials without the DECKBUILD GUI and ignoring any TONYPLOT commands in the
trial deck.

option lascii plot version=3.22.4.C

This will run the trials, using version 3.22.4.C of DECKBUILD, inside a child DECKBUILD GUI and
will execute any TONYPLOT commands in the trial deck.

B.5.7: save
Syntax
save type=<sdb| spayn> outfil e=<fil enane>
Description

The save command saves the data generated by the experiment in the file <fi | enanme>. You can
output the data in sdb format (to be viewed in TONYPLOT) or in spayn format (to be analyzed by
SPAYN).

The following data is stored for each trial:

e The ID of the trial.
¢ The values of the parameters defined on the experiment line.
¢ The values of the parameters calculated with ext ract commands.
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You can place the save command before or after the experiment line. If it comes before the experi-
ment line, the file will be rewritten at the end of each trial. Therefore if something unforeseen hap-
pens during an experiment, you will have the data from the trials that were completed. Ifit comes
after the experiment line, all the data from the experiment will be written at once.

Only one file at a time can be active. If you define two save statements before an experiment line,
only the second will actually get the following data.

save type=sdb outfil e=save. sdb
save type=spayn outfil e=save. spayn
sweep par anet er =dopi ng t ype=power range=1elb, 1el9, 13

The file save. sdb will have no data (the file save. spayn will be fine). Once a file is active, it will
remain active until a subsequent save command makes a different file active or until an endsave
command is given. A file, however, will only have data from one experiment.

Warning: If you have more than one experiment line in a deck, be very careful with the save command or you will lose
data. For example, the following is the wrong way.

sweep par anet er =dopi ng t ype=power range=1el5, 1el9, 13
save type=sdb outfil e=one. sdb

sweep par anet er =dopi ng type=l i near range=1el6, 1lel7, 11
save type=sdb outfil e=two.sdb

This will perform the first experiment, then save that experiment to one. sdb, then perform the
second experiment. But because one. sdb is still the active file, DBINTERNAL will write the data
from the second experiment to one. sdb, destroying the data that was already there. At the end of
this run, both one. sdb and t wo. sdb will contain the same data. In this case, you must use the
endsave command to tell DBINTERNAL to deactivate the active file.

Example
sweep par anet er =dopi ng t ype=power range=1el5, 1el9, 13
save type=sdb outfil e=one. sdb
endsave
sweep par anet er =dopi ng type=linear range=1el6, 1lel7, 11

save type=sdb outfil e=two. sdb

B.5.8: sweep
Syntax
sweep par anet er =<par aml> t ype=<sweep_type> range="start, stop, nuni \
par anet er =<par an> t ype=<sweep_type> data="point ... list”
Description

The sweep command generates an experiment from all combinations of individual parameter
values. The first parameter changes with the highest frequency. The final parameter changes with
the lowest frequency.

A parameter should be the name of a variable in the template deck. The names (e.g., <par aml>)
cannot be abbreviated. They must be exactly as they appear in the template deck.
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The type must be either linear, power or list.

The range is three numbers, the initial value of the parameter, the final value of the parameter,
and the number of points. This is used to for the linear and power types.

Example 1

In a linear sweep, the parameter values are evenly spaced.
sweep paraneter=x type=linear range="1,4,7"

This generates for x the values:

o1

°1.5

°2

2.5

3

¢3.5

e 4

Example 2

In a power sweep, the log of the parameter values are evenly spaced.
sweep paraneter=y type=power range="1e10, 1lel5, 6"

This generates for y the values:

e 1el0

e lell

e lel2

e 1el3

e lel4

* lel5

Example 3

The data is a list of values to assign to the parameter.

sweep paraneter=z type=list data="1,2.5,3,3.1,4"

This assigns each of the values (one at a time) to z. The number of trials in the experiment is the
product of the number of points for each parameter.

Example 4
sweep paraneter=x type=linear range="1,4,7" \
par anet er =y type=power range="1el0, 1l1lelb5, 6"

This generates an experiment with 42 trials. All the values of x in combination with all the values
of y. Adding another variable:

sweep paraneter=x type=linear range="1,4,7" \
par anet er=y type=power range="1el0, 1lel5, 6" \
paraneter=z type=list data="0, 2, 3"

would increase the number of trials to 126. All 42 trials from the previous experiment with z=0,
and all 42 trials with z=2, and all 42 trials with z=3.
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B.6: DBIT

DBIT is a GUI tool that provides some of the functionality of DBINTERNAL. DBIT runs outside of
DECKBUILD. But DECKBUILD is still required to run the child trials. To start DBIT, type “dbi t” at
the command line. The DBIT Main Window will then appear.

Figure B-2: DBIT Main Window
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B.6.1: The General Tab

Click on the Browse button or select File—>Open to open a template file. This file will be analyzed
and the variables that appear on the “set” lines of the template file will be listed in the left hand
box (see Figure B-3).

T 2

/home/andyp/Sims/DBInternal /QA/t1 _template.in

doping
gate_start
gate_length

Figure B-3: General Tab

Note: The input file must be a template file rather than a dbinternal experiment file.

To define a range of values for a variable, highlight the appropriate variable in the left hand box
and click the New button or double click the name of the variable. The Range Dialog Window will
appear (see Figure B-4).
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~i dhit.exe

(]

Start, Stop, Step
Start, Stop, Num

R

Start, Step, Num

® Linear (arithmetic progression)
- Power (geometric progression)

OK | Cancel| b

Figure B-4: Range Dialog Window

The range can be defined as an arithmetic progression (Equation B-11) or a geometric progression
(Equation B-12).

ap, a]+d, a]+2-d, a]+3-d,... a, = a1+(n—1)-d B-11

2 3 =1

ap, ap-r,oaper, oapcr,..oa, = a; B-12

There are four parameters associated with a range:

¢ the initial value (a;)

¢ the number of points (n)

¢ the step (d for arithmetic progression and r for geometric progression)

¢ the final value (a,,).

A range can, in principal, be uniquely defined by giving any three of these parameters. But DBIT
expects you always to define the initial value, so there are three ways to define a range:

¢ the initial value, the final value, and the step

e the initial value, the final value, and the number of points

¢ the initial value, the step, and the number of points
If you require a single value just enter it into St art .

If you use St art, St op, St ep to define the range, the final value of the range may not be the value
explicitly written in St op. If the progression defined by St art and St ep does not exactly reach the
St op value, then the range will stop before the St op value. For example, Start=1, St op=10,
St ep=2 will result in the range “ 1, 3,5,7,9” andnot“1, 3,5,7, 9, 10".

Once you add a range, you can edit the description of the range by highlighting the range (in the
right hand box) and clicking the Edit button (or by double clicking on the appropriate range). You
can delete a range by highlighting it and clicking the Delete button.
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B.6.2: The Matrix Tab

Once you finished defining the ranges for the variables, click on the Matrix tab. This shows a
spreadsheet-like area that lists all the trials to be done (see Figure B-5).

~i dhit.exe e iJ
File Command Help

General | Matrix |

Id doping gate_start | gate_lengtt| gm
1/W| 1.00e+15| 5.00e-01| 5.00e-01
2/W| 1.00e+15 5.00e-01| 5.50e-01
3/W| 1.00e+15 5.00e-01| 6.00e-01
4/W| 1.00e+15 6.00e-01| 5.00e-01
5/W| 1.00e+15 6.00e-01| 5.50e-01
6/W| 1.00e+15 6.00e-01| 6.00e-01
7IW| 1.00e+16| 5.00e-01| 5.00e-01
8|W| 1.00e+16| 5.00e-01| 5.50e-01
SW| 1.00e+16| 5.00e-01| 6.00e-01

10/W| 1.00e+16 6.00e-01| 5.00e-01
11|W| 1.00e+16] 6.00e-01| 5.50e-01
12|W| 1.00e+16 6.00e-01| 6.00e-01
13|W| 1.00e+17 5.00e-01| 5.00e-01
14W| 1.00e+17 5.00e-01| 5.50e-01
15\W| 1.00e+17 5.00e-01| 6.00e-01
16/W| 1.00e+17 6.00e-01| 5.00e-01
17/W| 1.00e+17 6.00e-01| 5.50e-01
18W| 1.00e+17 6.00e-01| 6.00e-01

_|I No Grid Engine Available Maximum number of concurrent trials ‘1

_| Keep Deckbuild .out files  Deckbuild .out filename is <trial__id>.out
Run Pause Save

A

Figure B-5: Matrix Tab

Click the Run button to run the trials. The trials are run in the order they are defined in the
spreadsheet. When one trial is finished, a new trial starts with the next available set of numbers.

If you click the Pause button, no new trials will be started (until you click on the Run button
again) but any currently running trials will be allowed to finish.

Each row in the spreadsheet corresponds to a trial. You can edit various cells in the spreadsheet to
change or add trials to the experiment. Clicking the right mouse button while the cursor is over
the spreadsheet brings up a menu with the available commands.

The first column is Id. This is an integer that is assigned by DBIT to a trial. Each row will have a
unique integer. If you add a trial to the list, it will automatically assign the next available Id. You
cannot change the value in this column. The Id assigned to a trial is available within the template
file by using $tri al _i d. For example, you can output data in the template file data with the
command

save outfile=data_$ trial _id .dat
This will save the data to a different file for each trial.

The second column is a single character that gives the current status of the trial. A‘W means the
trial is waiting to run. An ‘ R means the trial is currently running (or has finished running but
the output files have not yet been processed). An ‘ F' means the trial finished successfully. An * X
means the trial failed to start. An‘H means you have hidden the trial.
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A hidden trial is still displayed in the spreadsheet but DBIT will not run it. To hide a trial, select
the rows that correspond to the trials you want to hide, click the right mouse button, and select
Hide Trial. You can reactivate a hidden trial by selecting the Activate Trial option.

The next few columns in the spreadsheet correspond to the set variables, one column for each
variable (the name of the variable is at the top of the column). The values in the columns are the
values that will be assigned to the variables when the corresponding trial is running. You can edit
values in these columns by selecting an appropriate cell and typing the new value. You can Cut,
Copy and Paste values to and from these columns. If you add numbers to a blank row, a new trial
will be generated. The next available trial ID will be automatically added to the first column.

A blank column comes next to mark the end of the set variables.

Any remaining columns correspond to the extract variables (the name of the variable is at the top
of the column). These columns are initially empty. When a trial successfully runs, the results of
the Extract commands will be added to the appropriate cells.

To save the data in the spreadsheet, either click the Save button or select File—Save or
File»>Save As. You can save the data in .dat format to view it in TONYPLOT or as
space-delimited text that can be imported into a spreadsheet program. Selecting File—»>Save As
allows you to define the filename and the file format. Pressing the Save button or selecting
File—»>Save saves the data to the most recent file defined by File—»>Save As. If you haven't
selected File—»>Save As, then pressing the Save button or selecting File—»>Save opens the
File—»>Save As Dialog.

The Keep Deckbuild .out files check box behaves in the same way as the “| 0g” command for
DBINTERNAL. If you check this box, the . out files are not deleted when a trial is finished.

The Maximum number of concurrent trials defines the maximum number of child deckbuilds
that DBIT can start. If you are running on a computer with more than one processor, or if you have
a grid computing engine, you can set this higher than 1.

DBIT is designed to use FLOWTRACER/NC™ by Runtime Design Automation or the N1 GRID
ENGINE™ by Sun. If DBIT detects a grid computing engine, you can run the trials on the network
rather than the local machine.

B.6.3: The Command Menu

The Command menu gives you access to the commands that are used to run the child
simulations. In these dialog boxes, the text in angular brackets (such as <in_file> and
<si | ock_command>) are text generated by DBIT, which will be different for each trial. Leave these
variables as they are.

“deckbuild...”
The default command to start the child simulation is
deckbuild —run <in_file> -int —outfile <out_file>

If you want to add any command line options to this command (see Section B.4: “Technical
Details”), then add them in this dialog window.

“silock (local host)...” and “silock (grid engine)...”.

si | ock is a small program that monitors the progress of a child trial (started with the deckbui | d
command). When the trial is finished, si | ock removes a lock file that allows DBIT to determine
the trial has finished. The two versions of the si | ock command are for when the trials are run
directly by DBIT (the local host version) or when the trials are submitted to a grid engine. You
should not change these commands. The default command for “si | ock (1 ocal host)...” is

silock —f -l <lock_file> -x <deckbuil d_conmand>
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and the default command for “sil ock (grid engine)...” is
silock -l <lock file> -x <deckbuil d_comrand>
“Flowtracer/NC...” and “Sun N1...”
These are the default commands used to submit a job to the appropriate grid engines.
The default command for FLOWTRACER/NC™ is
nc run -E ' SNAPSHOT+D( DI SPLAY=[ host nane] : 0)' <si | ock_comrand>
The default command for N1 GRID ENGINE™ is
gsub -cwd -N <trial_name> -b y "<sil ock_conmand>"

If you have either of these grid engines, please refer to their documentation for more details on
these commands.
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Appendix C:
Environment Variables

C.1: List of Variables

S_EXAMPLES specifies the location of the SILVACO standard examples and overrides the default
setting.

<simulator>_ARG overrides the default simulator arguments set in the Simulator Properties
popups. The variable below would setup DECKBUILD to start version 1.0.0.A of ATHENA by default.

setenv ATHENA ARG “athena -V 1.0.0. A’

<simulator>_HOST overrides the default simulator host setting in the Simulator Properties popups.
The variable below would setup DECKBUILD to start ATLAS on hostname sgi 3 by default.

setenv ATLAS HOST sgi 3

DB_MESH_DIR sets the template directory used in the ATHENA Adaptive Meshing popup. The
template files are read and displayed from the directory specified by this variable.

DB_SYSTEM_OPTION enables system commands for use in DECKBUILD and VWF AUTOMATION TOOLS.
NICE_ARG sets the simulator nice value for use in DECKBUILD and VWF AUTOMATION TOOLS.

DB_REMOTE_DIR sets the remote simulation tmp directory, which must be mounted on the host
executing DECKBUILD and the host executing the simulator

DB_REMOTE_CMD specifies the remote shell command to be used for remote simulation.

DB_REMOTE_STRIP specifies the automount prefix (usually / t np_mt ) to be removed from paths
for remote simulation.
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Appendix D:
Error Messages

D.1: Text Subwindow Error Messages

The error message “l nsertion failed” may occasionally pop up when building very large decks.
This means that so many edits were made to the deck that the text subwindow can’t handle any more
changes. This only happens when building a deck that has not been saved to a file yet. Otherwise, the
text editor automatically saves the changes to the file as necessary.

The cure and the prevention are the same: if this error occurs, simply save the deck to a file. An
alternate preventative measure is to add a line of the form:

t ext . maxDocunent Si ze: N

to the . Xdef aul t s file, where Nis the number of bytes allowed before textedit saves the file (2000 by
default). Try using Nset to 20000.
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D.2: TTY Subwindow Error Messages

The tty subwindow, like the text subwindow, has a limit on how big it can grow before an error occurs.
In rare circumstances, it is possible to overflow the #fy subwindow. But it takes a great deal of
simulation output to do it (many thousands of lines). If an error message such as “pty: insertion
f ai | ed” appears, either clear the contents of the tty subwindow, or turn scrolling off (because the log is
only saved if scrolling is turned on). If this error comes up repeatedly, the best solution is to disable
scrolling. Disable scrolling by invoking the tty menu in the ¢ty subwindow and selecting Disable

Scrolling.
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